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THE 


P R E F. \ © E. 


PH E R E are ſo abr | meer Adis 
already extant on the Subject of Gauging, that 
Some, perhaps, may imagine no farther Im- 

provements can poſſibly be nade therein; but I flatter 

myſelf, however, that the attentive and unprejudiced 

Reader will find ſeveral uſeful” Things, in the fol- 

lowing Sheets, not to be met with in any other 7 reatiſe 

on the Subjeft. 

In the Courſe of this Undvioliay, i have exerted 

my utmoſt Endeavours to extend the Ax of Gav- 

GING by laying down the moſt general, accurate, 

and eaſy Methods of determining the Mea aſures of all 

the various Forms of Veſſels which occur in Practice: 

In what Manner my Defign is executed, is bel 

ſubmitted to the impartial Reader. 

I bave been ftudiouſly anxious to promote Truth and 
Utility, without even attempting to depreciate the La- 
bours of Others; as judging it more commendable is 
paſs over any little Imperfection that occurred, than to 
endeavour to magnify it, with a View to enhance the 
Merit of my own Performance: And ali hough I baue, 
in many Inſtances, departed from former Mriters on 
the Subject, the greateſt Care has been taken not to in- 
troduce any new Methods of Gauging, but ſuch as will, 
it is preſumed, be found, by the Practitioner, to be far * 
more general, and not more difficult, than thoſe which 
are omitted; and alſo ſuch as are founded upon the 
moſt indubitable Principles: 'Which Principles, to ob- 
lige the inquifitive Reader, are given in the Notes, 
and it is bopes my will not " decried by thoſe Gentlemen 
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PREFACE: 
who may want Time, or Inclination, to apply them 
ſelves to the ſpeculative:Part of the Subject. 

Though it muſt be allowed, that there is no Neceſſity 
for „ e #rogl Ganger ie I acquainted” with Gꝑo. 


* 


s been already remarked, 3 
that excellent Mathematician, Ama Robert Shirt- 


cliffe, in his Theory and Pratiice of Gauging) << "Phat 


« without 4 competent Skill in Algebra and Geomethy, 


it is "abſolutely impoſſible for, any Perſon. to deter- 
mine, whether the Rules given by-common Writers 


« upon Alus Subject be tnue or falſe, and much leſs 


% make any (even the leaſt) Improvement in this Part 
% of Science: — And therefore, I cannot but 


think it extremely abſurd, and ill-naturcd in any One, 
to endeavour to deprectatt, ana, what is. very, aj} o- 
niſhing, even 0 ridicule; thoſe excellent Brancbes of 
Science, from whence are. derived the very Ritler and 


Inſtruments, which are ſo highly approved by every. 


practical Gauger; without 1hich, he mit ad- 
knowledge, even bis daily Al could a0 hes ou 
formed. 

As it <vbuld-be unneceſſary, in Mt Plates, 10 eu- 
merate all the Particulars that compoſe tbe enſuing 


tels ; it may therefore ſuffice to point out only a few 
of thoſe Articles, which, perbaps, the; candid and 


practical Reader will look upon as woah 15 wfeful Im- 
Pravements. 

In the Buſineſs of ColtiGouring 0 e is reckoned 
the moſt dilficult Part of the Subject) is given a 


general and practical Method of determining, very 
nearly, the true Variety of any cloſe Cafe, whereby 


any Perſon, with a very little Application, may . be 


1 to form a tolerably goud Idea of the'Variety, 


by Inſpection only: - This, it is preſumed, is an Im- 
provement, which, if duly attended to, will be found 


e fingular Advantage Ance it will, doubtleſs, be @ 


Means 


0 
11+ 


) 
Means of preventing ſuch Errors as muft unavoidably 
happen, by the ordinary Methods of merely gueſſing 


a1 the Varitty of the Caſt. = In this Branch of Gau- 


ging are alſo given, too very eaſy and comprehenſive 
Methods of finding the true Mean-Diameters of the 
three different Varieties of Caſes, let the Proportion 
of the Bung and Head-Diameters be what it will . 
For on ſuch Proportion (and not upon the Difference 
of thoſe Piumeters) the true Multiplier, for finding 
a Mean-Diameter, wholly depends. 
The Nature and Property of the Diagonal Rod are 
far more extenſively confidered than beretofore; with 


very plain and uſeful Directions for applying this In- 


ftrument, with Certainty, to a great Variety of diffe- 
rent Forms of Caſts. — It has been bitherjo imagined, 


that the Diagonal Rod would only exhibit the true 


Contents of one particular Form of Caſks ; and alſo 
that its original Conſeruttion was from a Caſe, whoſe 


Diagonal is 30 Inches, and Content 60 Ale Gallons, or 


from ſome known Content and its correſponding Dia- 
Zonal, as they appear on Gauging Rules. — That the 


Diagonal of 2 Caſk may be 30 Inches, and its Content 


60 Ale Gallons (or about 735 Wine Gallons) is indiſ- 
putably evident: But it certainly does not follow from 
thence, that there can be but one Bung- Diameter, 
Head-Diameter, and Length, allotted for a Caſk, 
which can have the above-mentioned Diagonal and 


Content; becauſe all theſe Dimenſions, and conſequent- 
| ly the Form of the Caſe, may vary; without altering 


either its Diagonal, Magnitude, or Variety: See 
Sect. X. Pa. 194. FFF 

The Methods of ullaging both ſtanding and hing 
Caſks, by the Pen, are given in as plain and conciſe a 


Manner as poſſible ; with very eaſy Directions for de- 


termining when the Lines of Segments on the Sliding- 


Rule may be depended on, and alſo whether the Error 


is in Exceſs or Defett. 


The 


P R E F A C E. 


The Method of approximating the Meaſure of any 
eurvilineal Plane, by Means of equidiftant perpendi- 
| cular Ordinates (or Diameters), is delivered with as 
much Perſpicuity and Conciſeneſs, as the Nature of 
fo important 4 Subject will poſſibly admit f; and 
which is moreover illuſtrated with proper Examples, not 
only of Figures whoſe Properties are known, and the 
Areas thereof determinable by other Methods; but 
alſo of Figures whoſe Properties are unknown, and 
their Areas not to be determined, with any Certainty, 
by any other Method whatever. 

Very accurate Tables are given of the Areas of 
Circles in Ale and Wine Gallons, each to 120 Inches 
Diameter. — Tables of this Nature are indeed to 
ze met with in moſt Authors on this Subject; but, 
however, the Methods of Computation (being more 
exact and eaſy than any that have occurred to me), by 
which the Tables in Pa. 240, &c. were actually 
formed, will not, it is apprehended, be unacceptable 
to ſuch Perſons as may be deſirous of extending the 
faid Tables to larger Diameters, 1 
Many other uſeful and intereſting Particulars might 
Biere be mentioned, but I rather chooſe to refer to the 
Work itſelf ; and therefore ſhall only beg, that the 
Keader will not too haſtily cenſure and condemn it; 
but that, after impartially peruſing it with proper Atten- 
tion, he will candidly excuſe fuch Defefs as may occur 
io him, and have eſcaped my Obſervation : This, it 
is hoped, is no unreaſonable Requeſt; fince it is but ſol- 
liciting that Indulgence which every One is intitled to, 
who tays his own Sentiments before the Public, with- 
out ſhrwing too high an Opinion of his own Abilities, 


| Roebuck Court, Chifwell-Reeet, 
er 16, 1763. 
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Fuge 24, Cor. E Line 1, for %. read 1 5 5 
P. 25, dale itt Square Root will Baue three Plates, &c. Cor, 2, L. 45 for 
either will be, r. vill be either, . 
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SE C IGN . 


OF DeiuAl FRACTIONS: 


acquire a previous and competent Know- 
ledge of Decimal Fractions; as the Dimen- 


that Purpoſe, being decimally divided: I there- 


fore apprehend it will not be improper to give, 


by way of Introduction, a ſuccinct Account of 
Decimal Fractions. 


Firſt then, in Order to form as clear an Idea as 


poſſible of the Nature of Fractions in general, let 

us conceive an Unit, Integer, or one whole Thing, 
of what Penomination ſoever, whether it be Coin, 

5 | B | | W 


aw T is indiſpenſably required of every One, 
who would learn the Art of Gauging, to 


ions of all Utenſils, of what Form ſoever, are 
taken in Inches and Tenths, all Inſtruments, for 


2 A TA EZATT8sE of Sect. I. 


Weight, Meaſure or Time, Sc. to be divided in- 
to a certain Number of equa] Parts ; then this 
Number of equal Parts, be it what it will, is ever 
called the Denominator of che Fraction; and that 
Number ſhewing how many of theſe Parts are to 
be taken, or expreſſed, is called the Nymerator. 
Thus, for Example, ſuppoſe an Unit, or In- 
teger, to be divided into 12 equal Parts, and that 
it was required to expreſs 5 of thoſe Parts in a 
Vulgar Fraction; then 12 will be the Denomina- 
tor, and 5 the Numerator, and the Fraction itſelf, 
will, by writing the Numerator above the Deno- 
minator, with a Line betwixt them, be thus ex- 
preſſed i and is read Five-twelfths: This 
is a general Notation for F ractions of all Deno- 
minations. | 
But, in Decimal Fractions, where the Integer, or 
Whole Thing, is ſuppoſed to be divided into 10, 
100, or 1000, &c. equal Parts, the Notation 
will be more commodious for Practice, by wri- 
ting down the Number of Parts to be taken with 
a Point, or Comma, prefixed, without putting 
down the Denominator, as in Vulgar Fractions; * 
it being abſolutely unneceſſary. here, ſince it is al- 
ways koown to be an Unit, with as many Cy- 
phers annexed, a8 there are Places in the Fraction ; 
taken. Thus -, 75 (Five-renths) expreſſed decimal- 
I, will be.s, and e (enn, Hundredths) 
will be . 75. 
It will be proper to obſerve, to the Learner, 
that Cyphers placed on the left Hand of a Deci- 
mal F raction, decreaſe its Value in a ten- fold Pro- 
portion, in the ſame Manner as Cyphers placed on 
the right Hand of a whole Number, increaſe the 
Value thereof. 
at Example, 5 (Se) is the Half of an Unit ; ; 
but -05 (rv) is only roth of an Unit, which is 
eth 


Scr. I. GAUGING. | 3 
Joth of the former; alſo 005 (ro) is only 

eth Part of an Unit, and is therefore vet of 
the laſt Fraction .05, Tc. 

It may alſo be proper to take Notice, that Cy- 
phers placed on the right Hand of a Decimal 
8 neither augment nor diminiſh its Valve. 

For .5 (or Five-tenths) of any Thing, are the 

very ſame in Value as . 30 (or Fifty-hundredths) 

of the ſame Thing: In the former of theſe, the 

Integer is ſuppoſed to be divided into 10 equal 

Parts, and in the latter into 100 equal Parts; 

hence it is very obvious, that 5 of the 10 equal 

Parts are equivalent to 50 of the 100 equal Parts, 

of the fame Integer, or Unit. 


Hundreds of T. houſands. 
Tens of Thouſands, 
Hundred 'Thoufandths. 


oh 
Ten Thouſandths. 


wo Thouſands. 
Hundreds. 


Tens. 
O Unit's Place. 


= Tenths, 
» Hundredths. 


o Thouſandihs 


To 


In the preceding Table, it is very 8 that 
the Figures on the left Hand of the Point are In- 
_ tegers, or whole Numbers, and thoſe on the 

right Hand are called Decimal F ractions. 
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8 1 any 8 V. 22 Fration, into @ Deci- 
mal Fraction. 
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} © RIP: 
i Let. a competent . Number of Cyphers be an- 
. nexed to the Numerator, to form a Dividend; 
il which being divided by the Denominator, the 
* Quotient (if there happens to be no Remainder) 
| | will be preciſely the Decimal Fraction ſought.“ 

j FIN hs 

| EXAMPLES. 


How muſt + and I of an Unit, or Integer, a be 
expreſſed in Decimal Fractions? . 


OPERATIONS. 


> 
— _ _—_ 
1 — 28 
A 4 5 . hs 
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2 5 . e * 
© om gw 1 
- 


ne + 
* 


4)3-00(.75 8)7.000(.875 
28 '$1 


20 60 
if 20 M | 6 


3 

= 

| 
| 

| 

J 


— — 


—— 7 
- 


——— — 


. „ O 


ſome Power of 5, or elſe ſome Power of 2 into ſome Power of 5; that is, 


FI 


Li. 5 

| Hence 
* | 1 
ih REINA 

14 A Vulgar Fraction cannot preciſely be expreſſed in a Decimal Fraction, 

0 unleſs the Denominator of the Vulgar Fraction is either ſome Power of 2, 
. 


univerſally, except the Denominator is 2” x 5* ; ſuppoſing m and u to de- 
note any whole Numbers whatever, or one of them a whole Number and the 
other o. ; | g | 

' For, it is very evident that, the Number 10 is diviſible by none of the Digits 
| | except 2 and 5; and it is proved (Eu. 8. B. 14 & 15 Prop.) if one 
Number meaſure another, that the Square (or Cube) of that Number will 
| meaſure the Square (or Cube) of the other Number ; from whence it follows, 


— — nu — 
P ͤ ˙— ! cow os 
« 5 = I - A 5 
1 


j 1 that any Power of the greater is diviſible by the ſame Power of the leſſer Num- 
it | ber; and it is well known, that, in reducing any Vulgar Fraction into a 
278 Decimal Fraction, the Numerator of the former is ever multiplied (or 
_ lappoſed to be multiplied) by ſome Power of 10, and the Product divided by 
| A EE 6 eee eee | the 


— 
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Szcr. I. | GAUGING. 5 
_ _ Hence it appears that, 4 (Three-fourths) of an 
Unit, are equivalent to. 75 (Nes), that is, to 75 
Hundredth Parts of an Unit or Integer: Alſo, + 
(Seven-eights) of an Unit, are equal to. 875 SALE 
875 Thouſandth Parts of an Unit. 

After the very ſame Manner, may any other 
; Vulgar Fraction be reduced into a Decimal F rac- 
tion. 


. Appirion of DrciMaALs. 
P R OP. 2. 


To find the Sum of any given Number of Decimal 
Frattions, or mixed Numbers. 


The Merhod of Operation is the very fame as in 
whole Numbers, ſtrict Regard being taken in 
placing the ſeparating Points one under another; 
and alſo to place Units under Units, Cc. in the 
| Integers, or whole Numbers, and Tenths under 
Tenths, Cc. in the Decimal Parts; and, laſtly, 
to point off as many Decimals in the Total, = 
there are in that given Term, which conſiſteth of 
the reel N Number of Decimal Places. 


E Xx AM I. E. 
Suppoſe it were required to find the Sum of the 
following mixed Numbers and Decimal Parts, VIZ. 
26. 72 9, 


p * 
* 5 \ / N 8 0 


the Denominator; hence it is Plains N unleſs the Denominator of the 


Vulgar Fraction be expreſſed by 2" X &f (mand n being any whole Num- 
bers, Sc.) the Numerator of the Fraction, (whatever it be) drawn into ſome 
Power of 10, cannot be diviſible by; the {aid Denominator z conſequently the 
Quotient will never terminate, and therefore muſt neceſſarily be either a 
Tepeating, or a circulating Decimal. | 
Hence it is evident, that in thoſe Decimals obich happen to terminate, 
the Unit's Place 7 the Diviſor (or Denominator) will ever be found, 
either o, 2, 4, 5, 6 or 8; but when either 1, 3, 7 or g ſtands in the Unit's 
Place of the Diviſor (or Denominator) i it will be. impoſſible for the Quotient 
(or Decimal Figures) to terminate. V. B. If any of the Digits, 2, 4, 5. 


6 or 8, ſtands in the Place of Units in the Diviſor, the Quotient or Decimal 
Figures may, ſometimes, happen not to terminate. _ 


6 _ AF Txearisr of Srer. I. 
26.489, 82.05, 18.407, . 3632, 82 and .076.,— 
Theſe Terms, being placed according to the pre- 
_ ceding Directions, will ſtand an 


Total 128. 4052 


— 


This being ſo very obvious, it would be quite 
unneceſſary ro give any more Examples of this 
Kind. 


* SynTRACTION of DectMars. 
Prop. 3. 


To 104 the Difference of any 00 given Decimal 
Frafions, or mixed Numbers. | 


R vs x, 


Let the ſais Method be obſerved in kitivg 
the two given Quantities, as in the preceding 
Rule, and if it ſo happens, that the upper 
(or greater) Quantity ſhould not conſiſt of as ma- 
ny Decimal Places, as the lower; the Defect 

muſt be ſupplied by annexing Cypbers (or 
ſuppoſing them annexed) to the upper Term; then 
ſubtract as if they were whole Numbers, and 
we ſhall obtain the Remainder, or Difference; 
obſerving to place the Decimal, or ſeparating 

| . Point 
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Point, exactly under thoſe of the two Wen Num- 
/ bers, 
E X A MPLE 5. 


From 8.75 25.87 .76 
Take 4.8476 12.384 2847 


Remainders 3.9024 I 3,486 4753 


MULTIPLICATION of DECIMALS. 
P R 0 . 


"Ty find the Produf? of any two given Decimal 
Frafions, or mixed Numbers. 


Let that Fafor which confiſteth of the oreateſt 
Number of Figures, be multiplied by the other, 
in the very ſame Manner as if they were both 


whole Numbers, and from the Product point 
off, towards the right Hand, as many Decimals, as 
there are Decimal Places in the given Factors. 


ExamnyLE I. 


Let it 8 required to find the Product of theſe : 


two Factors, viz. .764 and . 28. 


764 
28 


Pl 


JO 
1528 
21392 the required Product. 
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Ster. I. 
Note. The Reaſon of pointing off as many Deci- 


mals in the Product as there are Decimal Places 
in both the given Factors, is very evident: 


For 


the above Fractions being expreſſed by 7.5; and 


Tess and the Product of theſe (by 
Vulgar Fractions) will be £22 3 moreover, ac- 


the Nature of 


cording to the Notation of Decimal Fractions, 


the (ſuppoſed) Denominator of each Fraction muſt 


conſiſt (as above) of as many Cyphers, as there are 


Figures (and Cyphers) in both Fractions ; hence it 


is evident, that the (ſuppoſea) Denominatot of the 


Product will conſiſt of an Unit, with as many Cy- 
phers annexed, as there are Cyphers i in both the 


(ſuppoſed) Denominators of the given Factors, or 


Decimal Places in both the given Fractions, 
which muſt, evidently, be equal to the Number of 
Decimals i in the required Product. 


Ex ANNA EZ: 


Multiply 24. 8763 
* 3-47 
1741341 
995052 

746289 


Product 86.320561 Foy 


am 


When the Product does not conſiſt of as many 
Figures, or Places, as there areDecimal Places in both 
the given Factors, the Defect muſt be ſupplied, 
by prefixing Cyphers to the Product: As in the fol- 
lowing 


EXAMPLE. 


EXAMPLE: 


Multiply 5.478 
| 1 2 


21912 
— 
Product . 02938 12 


DIVISION of DSIMALsS. 
. 


Two Decimal Fractions, or mixed Numbers (or one 
of them a mixed Number, and the other either a De- 
cimal Frafion or a whole Number ) being given; io 

find the Quotient arifing from dividing one by the other. 

The Method of Operation, here, is the very ſame 
as in Diviſion of whole Numbers; the only Difi- 

culty lies in determining the true Value of the 


Quotient, or of pointing of the right Number of 


Decimal Places. To effect which, obſerve the 
n general 


R ul. E. 


Point off as many Decimals in the Quotient, as 
the Number of Decimal Places in the Dividend ex- 
ceeds that in the Diviſor. 

For it is evident, from the preceding Note, that the 
Decimal Places in the Dividend muſt be exa#ly equal 


to the Number of 7ho/e in both che Diviſor and 
Quotient. : 


= EXAMPLE 
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Ex AN P I E 1. 


Divide 728654 by 34. 
OrznRATION, 0 


34). 728654(2 1431 
2 
34 


10 
136 


In the above Example, there are ſix Places of 


Decimals in the Dividend, and only two in the 


Diviſor; conſequently, by the general Rule, there 
muſt be four Places of Decimals in the Quotient. 
It is very obvious, from the preceding Rule, 
that when there are juſt as many Decimal Places 
in the Dividend as there are in the Diviſor, the 
Quotient will be a whole Number, if there hap- 
pens to be no Remainder after the Operation: But 
if there ſhould be a Remainder, let Cyphers be 
annexed thereto, and ſo continue the Diviſion at 
pleaſure, and we ſhall have as many Decimals in 


the Quotient as there were ot annexed in the 


Operation. 
EXAMPLE 


| 


1 0 


Szer. , GAUGING. 11 
Ex A MPL EK 2: 


Let it be required to divide 1341.482 by 5.282, 
and to have three Places of Decimals in the Quo- 
tient. . 

It is very evident, from the general Rule, that 
there muſt be three Cyphers annexed to the Divi- 
dend; then the Operation will be as follows, 


OPERATION. 


5.283)1341.482000(253.924, &c. 
10366 | 


A 508 Remainder 


When there are not ſo many Figures in the 
Quotient, as there are Decimal Places in the Divi- 
dend more than in the Diviſor ; ſupply the Defect 
with Cyphers, prefixed to the ſaid Quotient; as in 

the following ns 
ker 1 nn Fuat 
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EXAMPLE 3. 
Divide 7. 856249 by 165.45. 
OPERATION. 


136.450) 9562490 0575, Kc. 
68225 


— 


103374 
| 95905 ; 


78599 
68225 


10374 Remainder. 
Prov. 6. 


To reduce Coin, Weight, Meaſure o or Time, &c. 
znto Decimal Eradtions. 


Rur k. 


When there are two, or more, different Denomi- 
tions given to be reduced into Decimal Fractions, 
whether they be Coin, Weight, Fc. Firſt reduce 
all thoſe different Denominations into the loweſt of 
them, which will be the Numerator of a Vulgar 
Fraction, whoſe Denominator will be the given In- 
teger, reduced into the ſame Denomination as the 
above-mentioned Numerator ; this Vulgar Fraction 
pn then reduced (by Prop. 1) into a Decimal p< 
Fra ion, will be the Anſwer ſought. RR 


Ex A M F L E I. 


Reduce 16s. 4 d. into the Decimal of a ' Sound, 
| Firſt 


. GAUGING 13 

Firſt, 165. 4d. is equal to 196 Pence, the Nu- 
merator, and in 20s. (the given Integer) are 240 
Pence, the Denominator; then (by Prop. 1.) 228 
being reduced into a Decimal Fraction will be th the 
Anſwer required. 


O rA. 


pact 196. ooo 3166, Sc. the Decimal F raction 


1920 SC [ſought. 


160 Remainder. 


EXAMPLE 2. 


Let it be required to expreſs 34. 1415. 1002. in a 
| Decimal Fraction, when one Ton is ſuppoſed the 
Integer, or Unit: Or, which is ſame Thing, to find 
what Decima) Part of a Ton, is 39. 14/5. 1002. 


„ Firſt, 39. 1415. 100x. is equal to 157802, the 


N umerator ; 


And one Ton is equal to 3 584002, the Denomi- 


NAtor : 


Then (by Prop. 1.) eh the Vulgar Fraction 
ebe, into a Decimal F faction; ſee the following 
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OPERATION. 


3 £840)1 578.000000(.044029, &c. he Decimal 
e 143360 SIR (fought. 


144% 
143360 


— 


104000 
71680 


: 323200 
322560 


640 Remainder. 


5 — — . 7 


PRO. 7. 
To find the alue of any given Decimal Fraction. 


Rur x. 


Multiply the given Decimal by that Number (of 


the next inferior Denomination) which expreſſes 


the Value of the Integer, of which the given Deci- 


mal Fraction is a Part; and from the Product point 
off the Decimal Places, according to the Rule 
obſerved in Multiplication; and we ſhall then obtain 
the Value of the given Decimal in the ſame Deno- 
mination of the Multiplier : And ſo by proceed- 


ing in the ſame Manner, till we come to the low- 


eſt Denomination of the propoſed Integer, we ſhall, 
at laſt, get the Value of the propoſed Decimal 
Fraction: The following Examples will render this 


Rule very PRs 


Ex A M P I. E 


$zer, I. GAUGING: 15 
EXAMPLE 1. 


Required the Value of 9495 of a Pound Ster- 
44 ng. | 


OPERATION. 


95 495 
1 Shillings,. the Value of the Integer or 


(Found. 
18. 9900 


12 Pence, the Value of the Integer or 


5 x Shilling. 
11. Ti 


4 F ring the Value of the Integer or 
— Penny. 


| 1 it appears, that the Value of 9496 ofa _ 
= Pound Sterling, is 18s. 114.4 and 32 biete 
of a Farthing. 


EXAMPLE 2. 


How man 0 Pounds, Ounces and Drams, 
are contained in. 482 of an Hundred- Weight * 


Or RERAT TO K. 
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Os ENAT TO. 


482 
4 Quarters in the Hundred, or Integer. 


1.928 | 
28 Pounds in the Quarter, or Integer: 
7424 
1656 
25. 584 . 
16 Ounces in the Pound, or Integer, 


5904 4 

— | 55 

15.744 | l 

1 Drams i in che Ounce, or Integer. 
le: 
744 


11.904 


— — 


Therefore it is found, that 482 of an | Hundred- 


Weight | is equal to 1. 25/6. 1503, 11 ar. and 904 . 


Thouſandths of a Dram. 


Ex AM‘ I 3. 


To To find how many Weeks, Days, Hours, Ge. 
are contained! in. 8 856 of a Month (i. e. four Weeks.) 


onA. 


69 


Szer. II. GAUGING. 


, OFzRATION. 
. 3 
— os Weeks in the Month, or Integer. 


3.424 


7 Days in the Week, or Integer. 


” 


4.968 :.- 15 1 
24 Hours in the Day, or Integer. 


3872. 
1930 


29.232 ; 


60 Minutes in the Hour, or Integer. 


I 3.920 on FE dT 
60 Seconds in the Minute, or Integer, 


955. 200 


It is found in the preteding Operation, that 
86 of a Month, is equivalent to 3 V. 2 D. 23 H. 
13M. 558. and 2 Tenths of a Second. 


SECTION UI. 


/ 


| Of the Savant Root. 


O find the Square Root of any given Number, 
- ts to find ſuch a Number (it poſlible) which 
being multiplied by itſelf; the Product ſhall be equal 
'to the given Number. Thus, the Square Root 
of 4 is 2 (becauſe 2 multiplied by 2 is equal to 
4) and for the ſame Reaſon, the Square Root of 
9 is 3, and of 16 is 4, V5 all which will — 
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ly appear from the following Table of Oo and 
Squares. 


Roots 1 2] 3] 4| 5| 6| 7] 8] g| &c. 
Squares 1] 4| 916253649648 1] &c. 


The Square Roots of Numbers are either ſim- 
ple or compound; viz. /imple, when the Root 
conſiſts of one Fi igure only; and compound, 
when it contains more than one Figure : 
And it may be proper to obſerve here, that the 
Number of Places in the Square of any given 
Number, whether a {imple or compound Root, 
will either conſiſt of juſt double the Number of 
Places in the ſaid Root, or one Place leſs than 
the ſaid double ; that is, if there are two Places ; 
the Square thereof cannot conſiſt of more than 

15 laces, nor leſs than three; if there are three 
Places, the Square thereof will either conſiſt of 
five or ſix Figures, or Places, 6. Hence 
it appears (ſee "the ſubſequent Lemma *) that if 
a Point be placed over the Unit's Place of any 
whole Number, whoſe Square Root is to be extract- 
ed, and another over the third Figure, and fo on, 
over the fifth, ſeventh, uinth, &c. viz. over every 
other Figure to the End; we ſhall have as many 
integral Figures (or Places) in the Root, as there 
were Points placed over the propoſed whole Num- 
ber. 

Any whole Number being thus pointed into 
Periods, its Square Root may be obtained by the 
ein win 


GENERAL RI E. 


Firſt find by the preceding Tale, or a 8 
Trials, which of the nine Digits being ſquared, 
| will 
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will be equal, or the neareſt 4%, to the firſt Period, 
beginning at the left Hand; which being found, 
place it at the right Hand of the given Number, 
whoſe Square Root you are then feeling, in the 
ſame Manner as a Quotient in common Diviſion. 


Then let the Square of this Number (which is the 


firſt Figure ot the required Root) be taken from 
the firſt Period, and tothe Remainder ( any) join 


the next Period to the Right-Hand, this Number is 


called a Reſolvend; double the Figure of the Root, 
and place 1 it as a Diviſor to the Reſolvend; then 


| ſeek, as in Diviſion, how often this Diviſor is con- 
' tained in the Reſolvend, all but the Unit's N. 


and with this Reſtriction too, that when the 
tient Figure (or this laſt Figure of the "cy is 
annexed to the aforeſaid Diviſor, and the Whole 
multiplied by the ſaid annexed Figure, the Pro- 


duct ſhall not exceed the Reſolvend; but ſhall ei- 


ther be equal thereto, or the next leſs, this Pro- 
duct being taken from the Reſolvend, to the Re- 


mainder, Jet another Period be annexed, which 


will then form a ſecond Reſolvend. 
Double the two Figures of the Root, hich 


place (as before) for a Diviſor to this ſecond Reſol- 


vend; find how often this Diviſor is contained 
in the ſaid Reſolvend, neglecting the Unit's Place, 
ſtill obſerving, that when the Quotient Figure 


(which is the third Figure of the Root) is annexed 
to this laſt Diviſor, and the Whole multiplied by 


the Figure ſo annexed, the Product muſt be equal, 


lr the n next leſs, to the Reſolvend. 


By proceeding i in this Manner, Period after Pe- 


| riod, till they are all brought down; and if there 


be no Remainder after the Operation, the Num- 
ber propoſed is a ſquare Number. 
If there ſhould till be a Remainder, then the 


_ propoſed Number is called a ſurd Number, and has 


D 2 no 
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no true Root; but any Degree of Exactneſs may 


be obtained, by annexing two Cyphers to each 
Remainder, and proceeding as above. 
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Let it be required to extract the Square Root of 
I 34689: Or, which is the ſame Thing, to find 


a Number (if poſſible) which being multiplied by 
itſelf, the Product ſhall be equal to 137689. 
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1 l OE R ATION. 
1 5 = The given Number being pointed in the Man- 


[11H ner as before taught, will ſtand thus, 1 34689, 

1 which ſhews there will be three Figures in the Root, 
Wii if it happens to be a perfect Square Number; 

1 and if a ſurd Number, there will however be three 
=. Figures in the integral Part of the Root. 

: 1 dere then being three Periods, viz. 13, 46 and 
8g (or more properly 130000, 4600 and 89): Firſt 
Will find in the Table of ſimple Roots, or otherwiſe, 
1 what Number being ſquared, will be equal, or the 
3 next leſs, to the firſt Period 13, which is readi] 
bo |! found to be 3, the firſt Figure of the Root; the 
Wl Square of which (9) being taken from 13, leaves 
=_ 4; to this Remainder join the next Period, and it 
"nn makes 446, which is called the Reſatvend ; and the 
"ms Work will ſtand as under. 


þ + i 8 * 4 
Ex 3 . 7 - , C 

'F'4 11 = 5 * , 

; 4 . 

1 4 S . 

+ ,3W8- ? : . 
1. 

"= 0 4 ' RY - . 

5 1 
344 | : 
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446 Reſolvend. 
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Then place (6) the Double of the Root, as a 
Diviſor to this Reſolvend 446; and ſeek how of- 
ten 6 in 44, but in ſuch a Manner that the Quo- 
tient Figure (which will be the ſecond Figure of the 
Root) ug annexed to the Diviſor (6) and the 
Whole multiplied by the Figure ſo annexed, the 
Product muſt be either equal or the next leſs, to 
the Reſolvend 446: Now, in the preſent Example, 
the ſecond Figure of the Root is found to be 6, and 
therefore the Diviſor is 66, which being multipli- 
ed by 6, and the Product (396) taken from the 
Reſoivend (446 leaves 30; to which join the next 
Period (89) and it makes 5089, for a ſecond Re- 
folvend ; and the 9 will ſtand as follows. 


134689(36 | : 
EEE / 


66) 446 
390 
5089 Reſolvend. 


Double che Figures ( 26) NO the Root, which 
place as a Diviſor to this laſt Reſolvend; then find 
how often 72 (the Double of 36) is contained in 

508, and with the ſame Reſtriction as before; 

namely, when the new Quotient Figure (which will 
now be the third Figure of the Root) is annexed to 

(72) the Diviſor, and the Whole multiplied by the 

Figure fo annexed, the Product ſhall not | excent the 
Reſolvend, but ſhall be either equal thereto, or 

the next leſs : Now here it is eaſy to perceive that 7 

is the next Figure of the Root (for 7 times 72 is 

$504); therefore annex 7 to the Diviſor, and mul- 
tiply the Whole (727) by 7 the Product "he 
3 


, 
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be 3089, which being equal to the Reſolvend, 
(and all the Periods brought down) ſhews the pro- 
poſed Number (134689) is a perfect ſquare Num- 
ber: See the whole Operation. | 
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1 134689(367 the required Root. : 
i | 5 | by 
1 ö 6 1 | | 9 | 3 
1 [448] | | 

0 396 

„ ER er 4 

1 727)5089 

5 | | | 5089 

i When the given Number to be extracted, is ei- 


ther a mixed Number, or a Decimal Fraction, 
the Method of Operation will be the very ſame as 
in the foregoing Example; only obſerving, that if 
the Decimals conſiſt of an odd Number of Places, 
they muſt firſt be made an even Number, by an- 
nexing 1, 3, 5 or 7, Cc. Cyphers according to 
the Exactneſs required in the Root; which will al- 
ways conſiſt of as many Integral, and as many 
Decimal Places, as there were Points reſpectively 
placed over the Integers, and Decimal Places 
(together with the Gyphers annexed) of the propo- 
fed Number. 5 e 


M LEMMA, 

any Number Tohatever be denoted by F Places; then quill the Square of 
that Number ever confift of either 2 F, or 2F — 1 Places. | 5 

It is ſufficiently evident, that if any Number of Figures, denoted by F, 
be multiplied by any one of the nine Digits; the Number of Places in the 
Product cannot be leſs than F (the Number of Figures to be multiplied) nor 
greater than F ＋ 1 ; the Number of Places which would ariſe by multiply- 
ing F Number of Places by 10: And, it is equally plain, if the Multiplier con- 
| | Dk | fiſts 


— 
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EXAMPLE 2. 


What is the Square Root of 184.2? 

Firſt, let three Cyphers be annexed and pointed 
as before directed, and the Operation will be as 
follows. bras 55 


* 
- 


184.2000(1 3:57» & c. 


23)84 
5 
26501520 

„ 
2707)19500 
18949 


551 Remainder. 
Here 


FY a : I ; g ** r 5 


ſiſts of two Places, the Number of Places in the Product cannot be more than 
F + 2 ; viz. the Number of Places which would be produced, by multi- 
plying F Places by 100; nor leſs than F 1, the Number of Places which 
would ariſe from F Places being multiplied by 10; which is the leaſt Mul- 
tiplier for any two integral Figures. | | 125 
By the very ſame Method of Reaſoning it appears, that, if the Multiplier 
conſifls of three Places, the Number of Places in the Product cannot be greater 
than F + z; the Number of Places (Figures and Cyphers) produced, by 
multiplying F Places by 1000; nor can it be leſs than F + 2, the Number 
of Places which would ariſe by multiply F Places by 100: Hence the Num- 
ber of Places, in the three aforeſaid Caſes, may either be F or F +1, 
F or F +2, F 2 or F + 3, according to the Largeneſs, or Small- 
neſs of the laſt Figure, on the Left-Hand, in the Multiplicand and the Mul- 
tiplier. ö | IN 0 
No the greater Factor (or Multiplicand) being here denoted by F, let the 
leſſer Factor (or Multiplier) be called 7; then it is evident, from the pre- 
_ ceding Method of Reaſoning, that the Number of Places in the Product wilt 
either be FV, or F +f— 1; conſequently when the Number of Places 
In each Factor is equal; that is, when F = (Which is the Caſe when any © 
Number is to be ſquared) x then the Number of Places in the Product, or — 
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Here muſt be two Decimals pointed off in the 
Root (becauſe there are two Points over the De- 

cimal Places) and alſo two integral N umbers, 
agreeable to the foregoing Obſervation, 

By annexing more Cyphers, and continuing the 
Operation, we may approximate the Value of the 


Square Root of 184.2, to any aſſigned Degree of 
Exaclneſs. 


EXAMPLE 3. 


To extract the Square Root of 44567. 
Or ERAT TOR. 


845650 919 the wired Root, were 
1 


18102555 

181 
7829) 17570 
16461 


1109 


the Square of F (f) Wander of Pia will either be 2F, or2F— 1; that 
is, if F (or f) = 1 (one Figure); the Number of Places in Fa (f*) will 
either be 1 or 2 (1% 2F —10r2F); if F = 2 (two Places) the Number 
of Places in F?, will either be 3 or 4 (F — 1, or 2F); and if F 3 (three 
Places) ; chen will the —— of Places in F* be either 5 or 6 (2 — 1, or 
wy Sec. Q. E. I. 


Co J. 


Hence it appears, that if any fas Number conſiſt of ther 1 or 2 Fi- 
gures, or Places, its Square Root will conſiſt of one Figure on!y ; if there be 
either 3 or 4 Places in any ſquare Number, its Square Root Ar Bae preciſely _ 
tuo Places; if either FO or Six, its Square Root will have 51 Places 
f | Ar. 
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EXAMPLE 4. 
What is the Square Root of 2 ? 


2.00900000( I-41 42, the Square Root 
I | | { of | 2, nearly. 
24(100 
96 


281(400 
221 

2824011900 | 
11296 


28282) 60400 
656564 


: 4 


3836 


—— — 


E. SECTION 


its Square Root will have three Places. Fe. From whence appears the Rea- 
ſon of pointing the iſt, 3d, 5th and 7th Place, Sc. beginning at the Unit's 
Place of any Number, whoſe Square Root is to be extracted. 5 


Con OLLART 2. 


It appears likewiſe, from the foregoing Lemma, if any Number of Figures 
be repreſented by F; that the Number of Places in Fs cannot exceed 3F, nor 
be leſs than 3F — 2; therefore the Number of Figures in the Cube of one 
fingle Figure, either will be, 1,2 or 3 (3F — 2, 37 — 1or 3F); the Num- 
ber of Places, in the Cube of any two Figures, will be either, 4, 5 or 6 
(3F —2, 3F— 1 or 3F); and the Cube of three Figures, will conſiſt of 
either 7, 8 or 9 Places (viz. 3F — 2, 3F — 1 or 3F:)—Hence the Reaſon 

is plain for pointing the iſt, 4th, 7th, 1oth Place, &c, beginning at the 
Vnit's Place of any whole Number, whoſe Cube Root is to be extracted. 
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SECTION II. 
Of the Cue Roor. 


7 ertrabt the Cube Root of any given Number, ts 

the ſame Thing as to find (if poſſible) a Number 
which 2 multiplied by al. and the Produtt 
thereof multiplied again by the ſaid Number; the 
laſt Product fhall be equal to the Number given. 
For Inſtance, the Cube Root of 27 is evidently 
33 becauſe 3 multiplied by 3, and the Product (9) 
multiplied again by 3 gives 27: Alſo the Cube 
Root of 64 is 4, of 12515 5, Sc. ſee the following 
Table. 


Riots 1] 2| 3] al 5 16171819 | & 
Cubes 1 8271641125121613431512[729] &c. 


The Cube Roots of Numbers are ſimple, when 
they conſiſt of one Figure only ; and compound, 
when hey contain more than one: The firſt of 
theſe are eaſily learnt by Heart, from the preced- 
ing Table; but the latter requires a tedious Ope- 
ration: To effect which, obſerve the follouing 
Directions. 
Make a Point over the Unit s Place of the pro- 
poſed Number, and another over the 4th, and fo 
on, over 7th, 10th Figure, Sc. and we ſhall 
have as many Integral Figures in the Root, as 
there are Points placed over the given whole 
Number.” F 
Find a Number, which, Tala cubed, ſhall be e- 
qual, or the next leſs, to the firlt Period beginning 
| ar the left Hand, this Number is the firſt Fi igure 
| of the Root, 


| ar ne The 
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The Cube of this firſt Figure of the Root being 
taken from the firſt Period, and to the Remainder 
(if any) bring down the next Period, which , will 
then form what is called the Reſolvend. | WE 

Triple the Root, and alſo triple its Square, 
which being put down, ſo that the Unit's Place of 


the latter may ſtand under the Place of Tens of the 


former; the Sum of theſe Numbers is called a Di- 


viſor, by which the next Figure of the Root may 


be nearly eſtimated, as follows. 


Seek how often the Diviſor is contained in the 
Reſolvend, excluſive of the Unit's Place thereof, 


and with the following Reſtriction too ; namely, 


that if the Cube of the Quotient Figure (which 


mult be the ſecond Figure of the Root) be placed 
under the Reſolvend, Units under Units, = the 


© Square of the Quotient Figure multiplied by the 


triple of the other Figure of the Root, and the 


Unit's Place of the Product, ſet under the Place 
of Tens of the aforeſaid Cube, and alfo this laſt 


Quotient Figure (or ſecond Figure of the Root) 


multiplied by the triple Square of the firſt Figure 


of the Root (found as above) and the Unit's Place 


of this Product ſet under the Place of Tens of the 


laſt Product ; the Sum of theſe three Numbers 
(which is called the Subtrabend) muſt be equal, 
or the next leſs, to the Reſolvend ; from which 
let the Subtrahend be taken, and. to the Re- 
mainder (if any) bring down the next Period to 


form another Refolvend ; and proceed in the very 
fame Manner, as above, to find the Divifor and the 
third Figure of the Root, and fo on, Period after 
Period, *till they are all brought down; and then, 


if there happens to be no Remainder, the Number 
propoſed was a perfect cube Number: But if 


the whole Number to be extracted, be not a per- 
fect cube Number, three Cyphers muſt be annexed 
E 2 „ 
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to the laſt Remainder for a new Reſolvend, and ſo 


roceed as above; then as many Times as there are 
three Decimal Cyphers annexed to the Remainders, 


ſo _ Decimal Places will be in the Root. 
EXAMPL E. 
To extract the Cube Root of 3 37 5. 
Oy E RAT N. 


337 507 5 the required Root. 


; i 


2375 Reſolvend. 

2 Triple of the Root 1. 

3 1 np Square of the Root, 
33 Diviſor. 


12 5 The Cube of ; 


75 The Square 17 55 by the uiple Root. 
15 Triple Square of the Root by 5. 


227 5 Subtrahend, to > be taken from the Re- 


0 Remains. 


Otherwiſe, more generally ; 3 from whence will ap- 


Pear the Reaſon of placing the Numbers to form lde 


Diviſor and Subtrabend, as above. 


It is plain, if the given Number (3375) be 
pointed according to the foregoing Directions, 
there will be two Periods, viz. 3000 and 375, 
Which ſhew there will be 1 two Fi igures in the Root. 


The 


(folvend, 


a iis ² XU 
** Re”, —_ ; . 
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The next leſs Cube Number to 3000 is 1000, 


whereof the Cube Root is 10; therefore 1000 ( the ; 


Cube of the Root 10) being taken from the firſt 
Period, there remains 2000; to which add the 
next Period (375) and we get 2375 for a Reſol- 
vend: See the following Operation at large. 
3375015 the required Root. 
| 1000 _ 


2375 Reſolvend. 
— 
30 Triple of the Root 1 IO. 
300 Triple Square of the Root 10. 


3 30 Diviſor. 


125 The Cube of 5. RE, 
750 The Square of 5, by the iple! Root 10. 
1500 | 13 riple Square of the Root (10) by 5. 


thy 


2375 Subtrahend, to be taken from the Re- 


[olvend, 


N 


EXAMPLE. 


To extrack the Cube Root of 2242 3760 


Orz- 


— k —— ** 
r 
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OPERATION. 


22425768(282 
1 


14425 Reſolvend. 


— — 


6 Triple of the Root. 
1 1 Square of the Root. 


1 WY Diviſor. 


512 Cube of 8. - 


384 Square of 8, by the triple Root. 
2 ns av Square of the Root by 8, 


13952 Subtrahend, to be taken from the bor 


6 
47 3768 Reſolvend, 


„ 4 I ripe of the 1 — op 
2352 Triple Square of the Root. 


e Didier. 5 


1 Cube of 2. 


336 Square of 2, by the triple Root. 
47/04 Triple Square of the Root by 2. 


GG ——ů—xꝛ 


47 3 768 Subtrahend, 


——ů—— ——ĩa- — 


O Remains. 


8E 
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SEC Tl ON IV. 


Taz CONSTRUCTION. AND USE OF THE | 


SLIDING- RULE. 


AO treat of this valuable Inſtrument from its 
: Origin, it would be abſolutely neceſſary to 
explain the Nature and Properties, and to com- 


pute a Table of Logarithms ; from whence the 


principal Lines thereon were conſtructed : But, 


as theſe Things might be deemed foreign to the 
preſent Subject, I ſhall therefore content myſelf 


with giving the Method of conſtructing the Lines, 


and afterwards of applying them to Practice: 
However, for the Sake of the inquiſitive Reader, 


I ſhall ſhew, in the Notes ſubjoined, the Con- 


formity of the Operations on the Rule with the | 


Nature of Logarithms. 

The Lines on this Inſtrument, TR A, B, 
N, C, and two marked D, are Lines of Numbers, 
commonly called Gunter's Lines, from their worthy 


Inventor Mr. Edmund Gunter, the third Profeſſor of 


Aſtronomy in Greſham College, London ; who, in 


the Year 1624, firſt made the Diſcovery of apply- _ 
ing Logarithms to Extenſioh ; and of performing, 


with great Facility, by Means of a Pair of Com- 
paſſes, and the ſaid Line of Numbers, the Buſineſs of 
Multiplication, Diviſion, and all Arithmetical O- 
perations, where the Rule of Proportion was re- 
quired: But, the Uſe of Compaſſes being found both 
_ troubleſome and liable to Error, the Jate ingeni- 
ous Tho, Everard, Eſq. made a very conſiderable 
Improvement in the Application of the Line of 
Numbers, by contriving one Line to ſlide by ano- 

ther, 


yo 


r 
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ther, in the ſame Manner as the Inſtrument we are 
now ſpeaking of. 


I be Method of conſtructing the Line of Num- 
bers is the very ſame, let the Radius, or Length 


of the Line, be what it will; thoſe Lines on the 5 
Sliding-Rule, marked A, B, N, and C, are gradu- 
ated upon Half the Radius as thoſe marked B. 


Let a Line, or Rule (equal to the whole Diſtance 


or the intended Radius), upon which the Line of 
Numbers is to be graduated, be divided into 1000 
equal Parts; then with your Compaſſes take, from 


this Line of equal Parts, the Numbers expreſſing 
the Logarithms (to the firſt three Places of Decimals, 
omitting the Characteriſtics) of 101, 102, 103, 


104, Sc. progreſſively to 1000, and apply them 
ſucceſſively from 1 (the Beginning of the Radius), 
and we ſhall thereby mark out all the Diviſions on 
_ the ſingle Radius D: But the molt expeditious and 


exact Method of Fong a Line of Numbers, is 
as follows. 

Open the Sector till the Diſtance of the two Braſs 
Pins, on the Line of Lines (marked L. L.) be e- 
qual to the Length of the intended Radius; place r 


(the Logarithm of which is o) at the Beginning of 


the Line, towards the left Hand ; then according 
as the Space between 1 and 2 is divided into 100 
or 50 Parts (as in the ſingle Radius marked D, or 
thoſe Radii marked A, B, &c.), take from the 
Sector, opened to the intended Radius, the Dil- 
tances, or Numbers, anſwering to (at leaſt the three 


| firſt Places of Decimals) the Logarithms of not, 


1.02 103, 1:04, Ac. to 2 (if the ſingle Ra- 


dius D); or thoſe of 1.02, 1. 04, 1. 06, 1.08, 


Sc. to 2 (if any of the Radii marked A, B, 
bg A then theſe ET IGOE! ſucceſſively ap- 
plied 


„ - 


plied from 1, along the Line D or A, will mark 
out all the Diviſions between 1 and 2 on thoſe 
Lines reſpectively. 

Now the Diſtance of che Diviſions 2 and 3. in 
the ſingle Radius (marked D), is divided into 30 


Parts; but in thoſe Radii marked A, B, Sc. the 
ſaid Diſtance is divided into 20 Parts therefore, 


for the former, take from the Sector, opened for 


the ſingle Radius, the Logarithms of 2.02, 2.04 
2.06, 2.08, Cc. to 3; and for the latter, take 


from the Sector, opened for the double Radius, 


the Logarithms 07 2:06, 2:1, , $28; 


Sc. to 3, and apply theſe Diſtances reſpectively 


from 1, along the Lines D and A, and we al! 


thereby obtain all the Diviſions between 2 and 3: 


Moreover, the Diſtance between 3 and 4, in each 


Radius on the Rule, is divided into 20 Parts; 


therefore take from the Sector (opened to its pro- 
per Radius) the Logarithms of the Numbers 3.05; 
3.1, 3-15, 3.2, 3.25, Sc. to 4, and apply them 
(as before) from 1, along either of the Lines D, A, 


or B, and they will point out all the Diviſions be- 
tween 3 and 4: By proceeding in this Manner, the 


Diviſions between 4, 53 5, 6; 6, 73 7, 8; 8, 95 ; 


and 9 and 10, may be eaſily marked out. 


The Line marked E, conſiſting of three oe 
Radii, is conſtructed in the very ſame Manner as 


the above: For the Sector being opened to one- 
third of the Extent of the ſingle Radius D; take 
off the Logarithms of 1.05, 1.1, 1.15, &c. to 


2, and apply thoſe Diſtances from 1, 10, or 100, 
in each Radius, and they will mark out all the Pi- 
viſions between 1 and 2, 10 and 2, and 100 yd 


2 : — Again, the Diſtance between 2 and 3 i 
divided into 20 Parts; proceed therefore ad 


ing to the foregoing Directions, and we ſhall ob- 


tain all the Diviſions between thoſe two Numbers; 


— and 


3 ns eat ot FY we —¼ . 
a r 22 - 
a 3 wn” — od 
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and in like Manner between 3, 4; 4, 5; and g 
and 6, Sec. N 
On the Line marked M. D, are alſo placed Lines 
of Numbers, only they ſtand in an inverted Order, 
beginning at 21.5042 3 the laſt Diviſion on the 
right Hand will then repreſent .215042 : The Uſe 
of this Line (MD), together with A and B (or N), 
is wholly confined to the Gauging of Malt, in 
Veſſels in the Form of rectangular Parallelopipe- 


dons, at one Setting of the Rule; but the ſame 


Examples may be performed, with more Eaſe to 
a Learner, by the Lines A and B only; or with 
the Lines D and C, after finding a geometrical 
mean Proportional between the Length and Breadth 
!) ĩ Tu note FT 

The Lines of Segments, marked S. S. and S. L. 
(ſignifying Segment Standing and Segment Lying, ) 
are uſed in finding the Ullage of a Caſk, or the 

uantity of Liquor which a Caſk wants of being 
full, or what Quantity is in it, if not quite full, 
| Theſe Lines of Segments may be laid down in 
the following Manner. Take a Caſk whoſe Con- 
tent is 100 Ale (or Wine) Gallons, and the neareſt 
in Form to thoſe which moſt frequently occur in 
Practice; then ſuppoſe the Bung Diameter or 
Length (according to the Poſition of the Caſk) di- 
vided into 100 equal Parts, which muſt be laid 
down on the Slide marked N, in a logarithmic 
Manner, by the Method already preſcribed, Page 
i Draw out, and carefully meaſure, ſucceſſively, 
the Quantities contained in the iſt, 2d, 3d, 4th, 


and gth, &c, of thoſe equal Diviſions of the Bung 


Diameter (or Length); then place the Quantity 
contained in tae 1ſt, in the 2 firſt, 3 firſt, 4 firſt, 
Sc. of thoſe equal Diviſions exa#ly againſt the 
Numbers 1, 2, 3, 4, Ce. reſpectively, on the 

Slide 
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Slide N; and fo, by prpceeding in this Manner, 
we ſhall obtain the true Quantity in ſuch a Caſæ 
to every hundredth Part of its Bung-Diameter, or 
Length, — And if either of thefe were ſuppoſed to 

be Gridedd into any other Number of equal Parts 
(beſides 100), and the Quantities contained in the 

firſt, 2 firſt, 3 firſt, Sc. of thoſe equal Parts, be 
placed exactly oppoſite the Numbers, 1, 2, 2, 
Sc. reſpectively, on the Slide N; we ſhould there- 
by obtain a Table of Segments for a ſtanding (or 
lying) Caſk ſimilar to the former. 

Whence the Reaſon of finding what is called the 
Segment, is very evident: For it is only conceiving 
the Bung Diameter (or Length) of that Caſk, 
from which the Lines of Segments were ſuppoſed 

to be conftructed, to be divided into as many equal 

Parts as there are Inches, c. in the Bung Diameter 

(or Length) of the Caſk, whoſe Ullage we are then 

ſeeking, and placing that Number againſt 100 n 
the Segments; then oppoſite any propoſed Num- 


ber of wet Inches, &c. (or equal Parts of the Bung 1] 
Diameter or Length) we ſhall have the 8 85 
| ſought. 


On various Parts of the Rule are ſeveral re- 

markable Points; ſome of which are diſtinguiſhed 
with Braſs Pins and Letters, others with only ſmall 
Dots and Letters. 8 

Thus, on the Line * there is marked MB, 

with a Braſs Pin, at 2150.42, the cubic Inches in 
a Malt Buſhel; alſo on the fame Line is fixed a 
Braſs Pin, with the Letter A at 282, the cubic In- | 
ches in the Ale Gallon, 

On the Line B is a ſmall Dot marked at 707, 5 
and alſo the Letters S. i, which ſignify Square in- 
ſcribed ; uſeful in finding the Side of a Square 

inſcribed in any given Circle: At .886 is a ſmall 
Dot, and likewiſe the Letters S. e. which denote 


Ea Square 


8 hats LF EK ERR EET 1TH. eat > 
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Square equal; uſeful in finding the Side of a Square, 
whoſe Area ſhall be equal to chat of any given Cir- 
cle: At 3.1416 is a ſmall Dot marked C, ſigni- 
fying Circumference, neceſſary for finding the Cir- 
cumference of a Circle to any given Diameter. 
On the Line D are placed ſeveral Gauge-points, 
diſtinguiſhed by Braſs Pins and Letters: Yiz. 
W. O. with a Braſs Pin, is placed at 17.15, being 
Z the Wine Gauge-point for Circles; and A.. 
. marked at 18.95, ſignifying the Ale Gauge-point 
for Circles, Sc. At 46.37 are the Letters M. S. 
which ſignify Malt Square, being the Malt Gauge- 
point for Square Meaſure : At 52.32 ſtand M. R. 
which denote Malt Round, being the Malt Gauge- 
point for circular Mealtre : : Alſo, at 6.32 ſtand 
T. P, which ſignify Tallow Pounds, being the neat 
Tallow Gauge-point for circular Figures. 
On the Slide C there is a ſmall Dot, with the 
Letters O. C. marked at .07957, which is the Area 
of a Circle whoſe Circumference is Unity; uſeful 
in finding the Area in Inches, Feet, Sc. of any 
Circle whoſe Circumference is known: On the 
| fame Line is marked O. d. at. 78 54, the Area of a 
Circle whoſe Diameter is Unity; this is uſeful in 
finding the Area in Inches, Feet, &c. of any Cir- 
cle whoſe Diameter: 18 given. 


The Method of ePimating the H. ale * 5 
the Diviſions on the & Hwang VE : and = 
the Uſe thereof. ag 


Hatever Value is alligned to the firſt 1 I, to- 
VV wards the left Hand, (whether 1, 10, 
| 100, Sc.) on the Lines marked A, B, N, Se. 

the following integral Numbers, 2, 3, 4, Cc. 

will repreſent twice, thrice, four times, Sc. as 
much; 
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much; and conſequently the ſecond 1 (if a double 
Radius) will be 10 times the Value of the firſt 


and the third 1 (if a triple Radius) will, be 100 


times the Value of the firſt, or 10 times the Va- 


jue of the ſecond 1. The Values of the integral 
Diviſions being thus eſtimated, thoſe of the in- 
termediate Diviſions may be eaſily known ; being 


always the Quotient expreſſed by the Value of the 
Difference of two adjoining integral Numbers, di- 


_ vided by the Number of Parts contained between 


n 

Thus, for Example, if the firſt 1, at the End 
of the Line A (B or N), ſtands for one, the fol- 
lowing 2 for wo, c. then the Number of Divi- 


ſions between 1 and 2 being 50, and the Value of 


the Difference of thoſe integral Diviſions is 1; 


therefore the Value of one of the intermediate Di- 
viſions is th; conſequently the Values of the iſt, 
2d, 3d, 4th, 5th, Sc. Diviſions from 1, will be 


expreſſed c A Lows Wt - 
Again, the Space between the ſecond 1 and 2 


(which Numbers, according to the laſt Eſtimation, 
repreſent 10 and 20) is alſo divided into go Parts; 


that is, firſt into 10 large Diviſions, and then each 
of thoſe into 5 Parts ; then the Difference of the in- 
tegral Numbers (10 and 20) being 10; therefore the 


Value of one large Diviſion will be 1 or +3, (i. e. 
10 divided by 10), and the Value of one ſmall. 


Diviſion is 3 or + 3 conſequently the Values of the 


1ſt, 2d, 3d, Ath, 5th, Se. Diviſions from 10, 


will (in this Caſe) be expreſſed by 10, 103, 103, 


104, II, Sc. Moreover, if the ſaid integral 


Numbers 1 and 2, denote 100 and 200; then the 


Value of one of the (ten) large Diviſions will be 


expreſſed by 10, or ; and the Value of one of 
the (fifty) [mall Diviſions will be expreſſed by 2, 
or , therefore the Values of the iſt, 2d, 3d, 


4th, 
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3 A TRxEATISsE of | Sxer. IV. 
4th, Sc. Diviſions from 100, will be repreſented 
by 102, 104, 106, 108, Fc. — By the very fame 
Method of proceeding, the Values of the inter- 


mediate Diviſions, between any two adjoining in- 
tegral Numbers, may be known. 


Multiplication by the Lines A and B, on 
the Sliding- Rule. 
Pa or. I. 


To find the Product of two given Numbers, by the 
Sliding Rule. | 


4 


NRHA 


To either of the given Numbers (or Factors) on 
A, it: on B; then againſt the other on B, 15 
the required Product on A. - 


„C100 ² 8 


| Required the Product of 3 by 8, by the Sliding- 
. „ 


Set 1 on B, to 3 (or 8) on the Line A; then 
again 8 (or 3) on B, is 24 on A.*x „„ 

It may be proper to obſerve, that it will frequent- 
ly happen, when 1 on Bis ſet to either of the given 
Factors on A, the other cannot (according to the 


true Numeration of the Rule) be exprefied on the 


Line B; or, being found thereon, it may perhaps 
9 0 ET „„ .-. alk 


_ ata, 
— — 


By drawing out the Slide, till 1 on B is oppofite to 3 on A; it is ev dent 
we thence obtain the Sum of the Diſtances x to 3 on A, and 1 to 8 on B: 
But theſe Diſtances are reſpectively as the Logarithms of 3 and 8; and it is 
well known that the Sum of the Logarithms of two Numbers will expreſs 
the Logarithm of their Produẽt; .. the Sum of the Diſtances, 1 to 3 on A, 


and x to 8 on B, will be as the Log. 3 4 Log, 8 (S Log. 3X8) Log. 24. 


* 2 2 W RET CE 
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fall beyond the Line A; in ſuch Circumſtances it 
will be molt convenient, after ſetting Unity on B 
to one of the given Factors on A, to divide the 
other by ſome Power of 10 | (viz. 10, 100, 
1000, Sc.) 'till the Quotient can be found oppe- 
ſite ſome Diviſion (or Product) on A; then that 


Product, thus ariſing, mult be multiplied by the 


very ſame Power of 10 as the given Factor was di- 


vided by. One Example will make this — 
tion ſufficiently plain. 


Ex AMI E 2. 


To find, by the Sliding-Rule, the Product of 


120 by 95. 
Firſt, if x on B is ſet to 120 on A, 1005 will the 
ether F actor (95) fall beyond the Line A: — Again, 
if t oa ; is ſet to 95 on A, then the other Factor 
| (120) cannot be found on B; becauſe the greateſt 
Number (in a double Radius) cannot exceed 100, 
when the firſt Radius begins with Unity. 


hut by ſetting 1 on B to either of the given Fac- 


tors on A; then, againſt the other Factor divided 
by 10, (which in this Caſe is ſufficient,) we ſhall 
have th Part of the Product ſought. Thus, ſet 
1 on B to 120 on A, and againſt 9.5 on B, is 1140 


on A, which, being multiplied by 10, gives 11400, 
the required Product 


It 


3 


— 


+ If the given Factors be called m and n, the Product of hay r, and 
the Index of any Power * 10 be denoted by a: They we ſhall have, 


n Yr 


I m :: n i r (or 11 1 21 1 mar); „„ 1.3 m 5 : . (or 32 
: w 55 | 10!“ Tols 
m 5 r m | 
Ii n: 2 hence == 5 ; conſequently, Lad K 10 le 
1014 10 101 Tols 1014 | 
xXx 10l | | 
= . =* X N) 7. Q. E. I. 
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„40 A TxrarTise of Sker. IV. 
It may be proper to obſerve, that whether one 
of the given Numbers be ſet to Unity on the Line 
A or the Line B, the other given Number (or Fac- 
tor) muſt be found on the ſame Line where 1 (or 
Unity) was taken. e 


Divifin by the Lines A and B, on the 
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1  Shding- Rule. 
; | Os x 
Pär. IM. 
To find the Quotient of two given Numbers, by the 
| Sliding-Rule, 1 Feeg 

Ru l. x. 


To the Diviſor on A ſet 1 on B; then againſt the 
Dividend on A 1s the Quotient on B. 


3 


EXA UM. 


Let the Dividend de 73, and the Diviſor 3; re- 
quired the Quotient. 88 

Set 1 on B, to 3 on A; and againſt 75 on A, 

is 15 on the Line B, the Quotient ſought. T 

It will ſometimes happen, that when 1 on B is 

ſet to the Diviſor on A, the Dividend cannot (ac- 

cording to the true Numeration of the Rule) be 

„ Se found 


_— * 


1 When the Slide is drawn out till x on B is oppoſite 5 (the Diviſor) on A, 
we ſhall then get the Difference of the Diſtances of 1 to 5 on A, andalſor 
to 75 on the Line A, but expreſſed on the Line B from 1 to 15, Now theſe 
Diſtances are reſpectively as the Logarithms of 5, 75, and 1 5, and the Dif- 
ference of the Logarithms of two Numbers is equal to the Logarithm of their 
Quotient; .. the Difference of the Diſtances of 1 to 75 and 1 to g̊ on A: 
(= Log. 75 — Log. 5) will be as the Log, of 15 on B. 5 


* 
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found on the Line A; therefore, in this Caſe |], it 
will be neceſſary to divide the given Dividend by 
ſuch a Power of 10, as will bring the Quotient 


thereof upon the Line A; then. againſt this Quo- 
tient (viz. of the Dividend, divided by 10, 100, 


1000, Sc.) is a Number on B, which being mul- 
tiplied by the ſame Power of 10 as the given Di- 


vidend was divided by, we ſhall then obtain the | 


true Quotient ſought, 
E x AMPLE 2. 


What i is the Quotient of 285 divided by 7 ? ; 
To7 on A, let 1 0n B; then as 285 cannot be 


expreſſed on A, becaule the ſecond Radius, in this 


Caſe, ends with 100; therefore let that Number be 


divided by 10; and oppolite 38.5 (the Quotient) 
on A, 1s 5.5 on B, which being multiplied by 


10 gives 55, the Quotient ſought. 
Ic is to be obſerved here, that (whether the Di- 


viſar on A is ſet to 1 on B, or the Diviſor on B is 
ſet to 1 on A) the Quotient muſt always be found 
on the ſame Line where 1 was taken, and the Di- 


viſor and Dividend on the other. 


l 


One Example in the Rule of 7 "RE will be fuli- 


cient; ſince the Method of Operation by the Sli- 


ding-Rule, is very nearly the ſame a$%n Multipli- 
cation: The only Difference is, that inſtead of 


ſetting 1 on B, to one of the given Factors on A, 


we muſt ſer the firſt of the three given Terms on 


7 * 4 


— 0 — — — . 


| | Let 2 * the Diviſor, n the Dividend, and let the Quotient thereof 
Sr; alſo let the Index of any Power of 10 be denoted by az then 1: 1 


Ren p 5 20 — 2 or- S. 
n "Tols © 50h” nm r. . 
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Number, or Anſwer ſought. C_ 


* 


42 | A Tarartiss of Seer. IV. 
B, to either the 2d or 3d given Number (or Term) 


on A; then againſt the other Number on B, 1s 
the 4th Number, or Anſwer fought, on A. 


EXAMPLE, 


If 4 Yards of Cloth coſt 14 Shi illings, what will 
28 Yards coſt, at the ſame Rate? 
Set 4 on B, to 14 on A; then oppoſite 28 on 


- B, is 98 on A, the Anſwer ſought F. — Or, ſet 4 
on B to 28 on A; then againſt 14 on B, is 98 on 


A, (or 41. 185.) the ſame as before. —- 
If it ſhould fo happen, when the firſt Term (or 


Number) on B, is ſet to the ſecond or third Number 
on A, that the other Number on B falls beyond the 
| Stock, or the Line A; then, in ſuch Circumſtance, 
let that Number, which ſo falls off the Rule, be 
- multiplied, or divided (according as it falls off 
towards the left or right Hand) by ſome Power 


of 10; and againſt the Product, or Quotient, on 


B, is a fourth Number on A, which being divided 


or multiplied by the ſame Power of fo as the 


forementioned Number was multiplied or divided 


by 3 the Quotient, Or Product, will be the 4th 


Note. 


non 


§ By 8 out the Slide ' till 4 on B ſtands oppoſite 14 on A, we es 
obtain, on the Line A, the Diſtance from 1 to 14, plus the Diſtance from 1 


to 28, minus the Diſtance of 1 and 4 (on B); but theſe Diſtances are reſ= 
pectively as the Logarithms of 14, 28, and 43 » the Log, 14 + * 25 


— — = Log. 98 on A. 


== Log. 4 =Log. 


| Let four proportional 8 repreſented by m, n, 3, 1 r; allo 


let the Index of any Power of 10 be denoted by a: Then we have m: :: 


. "i 

2:7, (or n : 1 ff 1 7%; „ #3 (or 11 6 2t == 

8 95 ; ola lola e ee iol⸗ 
an mr | 


2 1 . = == 0151 nr. 
_ "'xol® 10la 10 45 2 


Moreover, 
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Note. It makes no Difference whether the firſt 
Number be taken on the Line A or B; only ob- 
ſerve, that the 4th Number, or Anſwer, muſt be 
found on the contrary Line to that, whereon the 
firſt Number was taken. — Bur, in finding the 
Areas of plane Figures in Ale Gallons, Malt 
Buſhels, &c. (as will be ſhewn farther on,) it will 
be found moſt convenient to take the firſt Num- 


ber, viz. 282, 2150, on the Line A, as there 


are generally braſs Pins fixed at thoſe Numbers. 


To extract the $ guare Root, by 256 li- 
8 es ding-Rule. 


Set 10 on C to 16 on (the Stock) D; then a- 


gainſt any propoſed Number on C, is its Square 


Root on DO. 


It will be proper to obſerve here, that if the 
Number, whoſe Square Root is required, conſiſts 


of an odd Number of integral Places, its Square 


Root will be found oppoſite the firſt Radius on the 
Line C: But if there be an even Number of Places, 


in the Number whoſe Square Root is ſought, then 


will that Root fall againſt the ſecond Radius on the 


Line C. * N 


ES” 


Moreover, m 2 22 4 * 1014 2 TX Tola; * „xX Lola X rX 


| Tol*; conſequently n =mr. Q. E. I. 


> The 1 at the Endof the Line D, may denote either 1, 10, 100, 1000, | 
Sc. therefore the firſt x on C oppoſite thereto, muſt, by the ConftruQtion of 


the Lines, fignify either x (12), 100 ), 10000 (100. ), Ec. and 


conſequently the ſecond 1 on C, will repreſent either 10, 1000, 10000, Sc. 


G 2 EXAMPLE. 


. IH HET — 7 2 ww — -;-v — 1 — — 22 
_— 2 - * MV ” * — 2 i» — 8 . — 2 22 3 1 5 
l l 2 4 * * >... - * 2 — — - 
I — 1p Miu — Rr OO a 22 
Ro Core Ms as = SM on, ES Er Et * — 2 3 WS — 5 5 — — 
* — * 5 2 2 Fo * 4 2 l " * hg + - hs wa — Ga Wo 


>, q * 0 — — 2 
ry - — 8 


— 


* nA 2 — 
A „ ts: — .. A ³ 1 
5 — = — 2 1 GS 2 188 0 
= | 
— / 


r 
* 
— IDS. — * 
— 2 * * 
. — A 
n 


% 
« 
| 
15 
1 
25 
+ 
1 i 
a, 
$7 
1 1 - 
1 
4 
Af 
Tt 
| 
1} 


44 4 TA AIs of Sxer. IV. 
E x AMPLE. 


What i is the Square Root of TY 5 | 
Let the Rule be ſet as above directed ; then it is 
evident the firſt 1 on C wijl repreſent 10000, and 
the 1 on D (oppoſite thereto) is its Root, which now 


' repreſents 100; likewiſe 5000 will be repreſented 
by 5 of the large Diviſions on C, and 376 will ve- 


ry neariy be repreſented by 2 of the ſmall Divi- 
ſions ; then againſt this Point on C, we have 12 
on the Line D; the Root ſought. 


To extra? the C . Root, by the 8 laue 
N wle. 


Set 10 on (che Slide) D, to 1000 on E ; then 


_ againſt any propoſed Number on E, is its Cube 
Root on BD. 


It will alſo be proper to obſerve here, has if che 
Number, whoſe Cube Root is ſought, conſiſts of 


either I, 4, 7, 10, Sc. integral Places, its Cube 
Root will be obtained oppoſite the firſt Radius on 


E; and if the Number contains either 2, 5, 8, 11, 


Sc. Places, its Cube Root will be found oppoſite 


the ſecond Radius on E; but the Cube Root of a 


Number, conſiſting of either 2, 6, 9. 12, e. 
Places, will be had oppolite the third Radius on 
E. 


e 


—— 


+ The 1 on (the Slide) D, may repreſent either 1. IO, 100, 1000, Se. 
and therefore the firſt 1 on E, will repreſent either 1 (13), 1000 (103), 


1000000 (100 100 3), Se. therefore the ſecond Radius on E muſt begin with 
either 10, 10000, I0000000, &c, and conſequently the third Radius will 


„ begin with either x00, 100000, 100000900, He. QE. D. 
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What is the Cube Root of 3375 
Set the Line D (on the Slide) exactly even with 
the Line E; then, againſt 3375 on the firſt Ra- 


dius on E, according to the preceding Obſerva- 


tion, we have 15 on D, the required Root. 


The Lines C and D are likewiſe very uſeful in 
finding a geometrical mean Proportion between 


any two given Numbers; allo in finding, from 


any three given Numbers, a fourth, which all“ 


be to the third, as the Square of the ſecond is to 
the Square of the firſt Number; and therefore 
theſe Lines are applicable to the finding the Areas 
of Circles, (which are as the Squares of their Dia- 
meters) and the Contents of ſuch Solids, where- 
of the Square of one Dimenſion, being multiplied 


into another Dimenſion, ſhall exp: els either the 
whole Content, (as in an upright ſquare Priſm) 


or ſome Multiple of it, as a Cylinder, Cone, Sphere 
and Spheroid , and conſequently, theſe Lines may 


be applied in finding the correſponding Dimenſions 


of ſimilar Surfaces. 
The Lines D and E are neceſſary in finding, 


from any three given Numbers, a fourth Number, 
which ſhall be to the third, as the Cube of the 


ſecond is to the Cube of the firſt; and conſe- 


quently of determining the Contents of ſimilar 
Solids, which are in the dire Proportion of the 


Cubes of their correſponding Dimenſions; and 
likewiſe, on the contrary, of finding the correſ- 
ponging Dimenſions of ſimilar Solids, 


Prop. II. 


To find a geometrical mean Pr er between tevo 
given Numbers ; 3.07 u is the ſame Thing, to find 
f Lhe 
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46 A TREATISE of Szer. IV. 
the Square Root IN the Product of any two given 


; Numbers, 


RULE. 


Set one e of the given Numbers on n C, to the like 
Number on D; ; then againſt the other given Num- 
ber on C is the geometrical mean Proportion 
ſought, on D. 


Ex Aur E. 


What is the geometrical mean Proportion be- 


tween 4 and 92 


Set 4 on E, to 4 01 on D; then againſt 9 on C-i 


6 on D, the Anſwer Taye 2 


Pao r: 10 


To find, to any three given Numbers, a fourth 


Number, which ſhall be to the third, as the ye 


of the ſecond is to the ah arg of the firſt. 


Rule. 


a 


'To the firſt Number (or Roa + on D, ſet the 


third on C; then againſt the ſecond Number (or 


Root) on D. is the fourth Number ſought on C. 


Ex APL. 


— — * 
1 = * 


1 Ry placing 4 on C, to 4 on D, we get the Sum of the Diſtances from 1 to 
2 on the Line D, and alſo from 1 to 9 on the Line C; the former being 4 
the Diſtance of 1 to 4 on D, and the latter (being on the double Radius) is 
the ſame as 1 to 3, meaſured on the Line D; but theſe Diſtances are reſpec- 
tively as the Logarithms of 2 and 3; therefore the Log. 2 IP vote 2 {= 


I 1. 471 L. 9) = Log. 4911 Log. 6. 
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Ex AMI I + 


Suppoſe the given Numbers were 3, 95 and 12; 
and that it was required to find a fourth Number, 


which ſhall be in the ſame Proportion to 12, as the 
Square of 9 is to the Square of 3; that is, as 81 
to 9. 


is 108 on C, the Anſwer ſought. 


ExAMPLE 2. 


17 3 Feet of eylindrical dried Oak, whoſe Cir- 
combines | is 32 Inches, weigh 80 Ib. what will; 


Feet of the ſame Sort of Oak weigh, when the 


 Circumference is 22 Inches? 


The Altitudes of the two Cylinders being equal 
to each other, therefore their Solidities, and conſe- 
quently their Weights, muſt be to each other as 
the Areas of their Baſes, which are as the Squares 


of their Diameters, or Circumferences. 


To 32 on D, ſet 80 lb. on C; and againſt 22 


on D is 37.8 Ib. on C, the Weight ſought. 
If it ſhould happen that, when the third Num- 
ber on C is ſet to the firſt Number on D, (according 


to the foregoing Rule) the ſecond Number on D 
falls beyond the Slide, or Line C; then, in ſuch 
Caſe, we need only to multiply, or divide (accord- 


ing as it falls off the Rule towards the left or right 


Hand) the ſaid ſecond Number (or Root) by ſuch a 
Number, that the Product (or Quotient) ee 
may be found on D, oppoſite ſome Number on C, 


which Number being divided, or multiplied, by 


the Square of that Number, by which the ſecond 


To 3 on D, ſet 12 on C; then againſt 9 on D, 


— 4 „ 
S 4+. - 2 5 
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was multiplied, or divided; the Quotient, or Pro- 
duct, will be the Anſwer ſought. * 

Suppoſe, in the firſt of the two preceding Exam- 
ples, the ſecond Number was 15, and the other 
two the ſame as before. — To 3 on D, ſet 12 on 
C; then againſt 7.5 (the Halt of 15) on D, is 

75 on C, which being multiplied by 4 (the Square 
of 2) gives 300, the Anſwer fought. 

It will, in many Cafes, be molt convenient to 
multiply, or divide, the ſecond Number by 10, and 
then find (as above directed) the Number on C, 

oppoſite that Product, or Quotient; which Num- 
ber being divided, or mu'tiplied by 100 (the Square 
of 10), gives the Anſwer ſought, _ 

The above Methed renders the Buſineſs of find- 
ing what are called new Gauge-points quite unne- 

ceſſary, as ſhall be 1 farther on. 


Pr 0 p. V. 


Any three Numbers being given to find a fourth, * ; 
that the Square thereof ſhall be to the Square of the 
third, as the ſecond Number i 7s to the firſt. 


_ Sage —— -_ 282 
- * 7 R * 


RuLE, 


Let the three viven Numbers be denoted by m, n, wi r, ad the Num- 
der ſought by v, and alſo let that by which the ſecond Number is either 
.otiphey or diviged, be repreſented by de Then, (by the Prop.] m : 12 


1 | 


4 


whence it is alin, that, hob the ſecond Number (n ) is only = the fourth 


Number (») will then only be the 42 Part of that, when the ſecond Number 
is n; and likewiſe when the ſecond Number is d x , the fourth Num- 
ber, or Anſwer ſought, will then become dz times tbat, when the ſecond 
Number is equal only 2. Q. E. I, | | 
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Ru l. k. 


To he third Number (or Root) on D, ſet the 


firſt Number on C; then againſt the ſecond on C, 
is the required fourth Number (or Root) on D. 


Ex AM p IE 1. 


Let the Side of a Triangle, Shot Afea is 7 6G 
Gallons, be 40 Inches; what will be the correſ- 


ponding Side of another ſimilar Triangle, the Area 


of which is to be 60 Gallons. 


Here the three given Numbers are 15, 60, and 
40: Therefore, according to the above Rule, to 


40 on D ſet 15 on C, and againſt 60 on C is 80 
on D, the required Side. 


If, when the Rule is ſet as above, the Reond 
Number on C falls off the Line D; then let the 
third Number be multiplied, or divided, (according 


as the ſecond Number on C falls off abc the 
left or right Hand,) by ſuch a Number, ſo that, 


if to the Product, or Quotient, thereof, the firſt 
Number on C be ſet, the ſecond Number on C 


may fall oppoſite ſome N umber on D; which be- 
ing divided, or multiplied, by that Number with 


which the third was multiplied, or divided ; the 


poten, or Product, will be the Anſwer ſought. ba 


W EXAMPLE | 


* 


* Let every Thing be interpreted as in the preceding Mete. Then we have 


(by the Prep.) m1 1 ft f; but 1 ͤ N XS 


third Number is only — S 3 (inſtead of , the fourth Number ( v will be only 


the ath Part of that 2 the third Number is r: Moreover, when the third 


Number (r) is = dXr, the fourth Number ( will then de = d times that 
when the third Number is only v. l 1 


7 
likewiſe, m: n 2 CANS : de x av; e evident, that, when the 


CPP ccc DS 


50 ATIAEATISE of Sect. IV. 
Ex AMPLE 2. 


Let the three given Numbers be 15, 90, and 
60; required to find a fourth Number, ſo that the 
Square thereof ſhall be to the Square of 60, as go 
is to 60. ES, 
| To 60 on D, ſet (according to the preceding 
Rule) 15 on C; then 90 on C, maniteſtly, falls be- 
yond the Line D. But, if to 15 (+ of 60, the third 
Number) on D, be ſet 15 on C; then oppoſite 90 
on C, we have 36.75 (very nearly) on the Line D; 
which being multiplied by 4 gives 147, the required 
Number, nearly. — For 15 is to 90, as 3600 (the 
Square of 60) is to 21660 (the Square of 147,) 
wearly. = ey 2 


PR OP. VI. 


Let there be any three Numbers given, to find a 
fourth, which ſhall be to the third, as the Cube of 
the ſecond is to the Cube of the firſl Number. 


NR vis. 
Set the firſt given Number (or Root) on the 
Slide D, to the third Number on E; then oppo- 


fite the ſecond Number (or Root) on D, is the 
fourth Number required on E. 1 | 


— — — —. r 


10 105 | Am R A 


Suppoſe the given Numbers to be 3, 6, and 18; 
it is required to find a fourth Number, which ſhall 
be to 18 as the Cube of 6 is to the Cube of 3; 
or as 216 to 27. „ 
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Set 
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Set 3 on the Slide D, to 18 on E; then againſt 
6 on D, is 144 on E, the fourth Number ſought.“ 


Pp 10 r. VII. 


Given any three Numbers, to find a fourth, the 
Cube whereof ſhall be to the Cube of the third, as the 
ſecond Number is to the firſl, 


. 1 5 
Set the third Number (or Root) on the Slide D, 
to the firſt Number on E; then oppoſite the ſecond 
on E, is the fourth Number fought on D. 


EXAMPLE. 


_ Suppoſe, in the Fruſtum of a Cone, there are 
given the bottom Diameter 40, the top Diameter 
23. and the Altitude 30 Inches; it is required to 
find the Dimenſions of another ſimilar Fruſtum 
(that is, the Diameters and Altitude to remain in 
the above Proportion to one another,) whoſe Con- 

tent ſhall exceed the former 50 Wine Gallons. 
The Content of the given Fruſtum (by the Me- 
thods given farther on) is 109.6 Wine Gallons ; 
therefore the Content of the required fimilar 
1 . Fruſtum 


—— * — 


— 


* It is evident, that, by ſetting 1 on D, to 18 on E, we ſhall obtain the 
Sum of the Diſtances 1 to 18 on E, and 1 to 6 on the Line D; which laſt 
is equal to 3 times the Diſtance from x to 6 on E; but bx moving the Slide 

(towards the left Hand) till 3 on D is oppoſite 48 on E, we thereby diminiſh 
the Sum of the two ſaid Extenſions by the Diſtance of x to 3 on D (anſwering 
to 3 times the Diſtance from 1 to 3 on E), and moreover get the Diſtance from 

1 to 18 on E, plus 3 times the Diſtance from x to 6 on E, minus 3 times the 
Diſtance from 1 to 3 on E: But, by the Conſtruction of the Lines, theſe 
Diſtances are reſpectively as the Log. of 18, 3 Xx Log. 6, and 3 x Log. 3 
whence, by the Property of Logarithms, the Log, 18 + 3 & Log. 6 — 3 


| 18 * 6? 
X Log. 3 (= A = 144) Log. 144. 


r ä OE ES — — _ _—_ 


Fruſtum will be 159.6 Wine Gallons : — Then, by 


E is 28.4 on D, nearly: — Laſtly, ſet 30 on D, 
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the preceding Propy/ition, the three given Numbers 


ſtand thus: 
109.6, 159.6, 40, to find the bottom Diameter. 


109.6, 159.6, 25, to find the top Diameter. 
109.6, 159. 6, 30, to find the Altitude. £3 
Set 40 on the Slide D, to 109.6 on E; then 
againſt 159.6 on E is 45.3 on D, nearly : « — Set 
25 on D, to 109.6 on E; then oppoſite 159.6 on 


= 


to 109.6 on E; then againſt 159 ©. on E, is 34 
on D, nearly. 
Hence the required Dimenſions are 45.3, the 
bottom Diameter; 28.4 the top Diameter ; z and. 

34 Inches the Altitude, nearly. 
It may be proper to take Notice, that what has 


been already faid (Prop. 4.) with Reſpect to the ſe- 


cond Number falling off the Line C, holds equally 
good with Regard to the Lines D and E; only 
obſerve, here, to multiply, or divide, by the Cube 
(inſtead of rhe Square) of that Number by which 
the ſecond was divided, or pepe 4 
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SECTION V. 


* GroMETRICAL Davi NITIONS 


Lines, An — 8 ur faces, and 
8 olids. 


DzriniTIONS. 


Of Lines and Angles. 


Line is Diſtance, or Length without Breadth; 


| the Extremes, Bounds, or Limits of 
which, are called Points. 


Therefore, 
2; A Mathematical Point has no > Parts. 
3. A Right-line (or Straight- . 
line) is that which lies perfect- A———— ——Þ) 
ly even between its Extremes, 2 
or Limits, as AB: 

4. A curved Line is that 1 5 
which, in every Part there- * 3 
of, lies unevenly between 35 
its Extremes, or Bounds, 
as ab. 
„ right- lined Angle is that 
which is formed by the Inclina- 
tion of two Right-lines, meet- 
ing each other in a Point, as 
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6. There are three Sorts of A 

right-lined Angles. —— 1. E\ | 

When one Right-line AB, 28 

ſtands any-where upon ano- 

ther CD, ſo as to incline no \ | 

more towards one End than & 5 


the other, making the Angles on both Sides AB 


equal, then thoſe Angles are called Rigbt-angles; 
and the two Right-lines, AB and CD, are then 
ſaid to be perpendicular to each other. — 2. When 


the Angle (EBD) is greater than a Right: angle 


(ABD), it is called an Obe. angle. — 3. If the 


Angle (EBC) is leſs than a Right- angle (ABC), it 


18 5 an Acute- angle. 
Note. When an Angle is denoted by three Let- 


ters (ABC), that in the Middle ſtands at the angu- 


lar Point, and the other two ſtand at the Extremi- 


ties of the Lines which form the Angle: Thus, in 
the preceding Definition, the Letter B is the angular 
Point of the Right, e and the Acute- angles, 


there ſpecified. 

7. Two Right-lines, AC, E G 1 FE 
EF, are ſaid to be paral I- 
lel, or equidiſtant, when Ws | ap | 


Lines BG, IH, drawnany- —— ————————_ 
where perpendicular to one AH Wee 
of them AC, and terminating at the other EF, 


are e equal to each other. 


Of Planes, or Surfaces. 


8. A Figure i is the Form of either a Surface £ Viz, 

a Superficies), or a Solid. 
-: ts Planes ſurſacè is any Figure which lies even- 
ly between its Extremes, or Bounds; and if thoſe 
Extremes, or Bounds, are Right-lines, the Figure 
is called a redtilineal (or right-lined) Plane; bur if 
. — - ite 


pp when the three Sides are all un- 
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the Extremes, or Bounds, of a Plane, are crooked, 
or Curve-lined, the Figure is then called a curvili- 
neal Surface, or Plane. 

10. Every plane Figure, or Superficies, bound-= - 
ed by three Right-lines, is called a right- lind Tri- 
angle. ps 
311. right-angled Triangle 3 
ABC, is that which has one 
Right- angle; the Sides AB, 
BC, containing the Right- 
angle, are called the Legs, 5 1 
and the Side AC, oppoſite A © B 
the Right-angle, is called the ene 5 

12. When the three Angles are all acute, it is 
called an acute-angled Triangle; if one Angle is ob- 
tuſe, the F Ware is called an obiuſe-angled Triangle. 


12. An bee 7 7 ABC, 
; has all 1 its Sides equal. „ 


"$46 iſoſceles T; riangle bed, 
has two of its Sides equal ; and 


equal, the Figure is called a 4 
ſcalene Triangle. 
15. Every plane Figure, 
or Surface, bounded by tour 
Right-lines, is called a Qua- E 
; px wa. moo 
(ABCD)whoſe oppoſiteSides 1 
are parallel, are called Paral- 
lelograms; and thoſe (EFG 5 
H) whoſe oppoſite Sides H 68 
are parallel, and all the eee 
Angles right- ones, are call- | 4 
ed Refangles, or reffangular UT REI TD 


Parallelograms ; 
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ler Right. lines, is called a Po- E/ 
Hgon; and is named according to 
the Number of Sides it contains: 


every Part of which is e- 
qually diſtant from a Point 
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Parallelograms; and if the 7 Cre NY 4 
Sides, as well as the Angles, are W 5 
all equal, the Figure (abdf) is | 
called a Square : — When the 
Sides are all equal, and only 
the oppoſite Angles equal, 
the Figure (cegh) i called a 
Rhombus. 


ef le 
16. Every other Rae Fi igure, Deutz by four 


Right: ines, is called a Trapegium. 


17. Any plane Figure, or Ss uns D 
rficies, bounded by more an NR 


Thus, if it has five Sides (ABC 


DE) it is called a Pentagon; if 


ſix Sides, a Hexagon; if ſeven, a Heptagon ; ; If 
eight, an Odlagon, &c. If all the Sides and 
Angles are equal, as in the Figure (ABCDE), it is 


called a regular Polygon ; if otherwiſe, it 1s called an 


erregular Polygon. 

18. A Circle is a plane 6-7 
Figure, bounded by one mA 1 
continued Line, called the R 
Circumfercuce, or Periphery ; | 


within the Circle, called 
its Center; from which, 


any Right-line (CA, CP, &c.) J PRI: to the Cir- 

cumference, is called the Radius, or Semi-diameter 
of the Circle; any Right-line AB, drawn through 

| the 
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the Center, terminating each Way at the Circum- 8 


ference, is called a Diameter; a Right: line DG, 
leſs than the Diameter, meeting the Circumference 
in two Points, is called a Chord, or Subtenſe; and 
the perpendicular Diſtance 7s, from the Middle 
of the Chord to the Circutnierence, 18 called a 
Verſed-ſine. 
109. A Segment of a Circle DrG, is a Fi igure 
bounded by a Part of the Circumference, and its 
Chord DG; when this laſt is equal to the Diame- 
ter of the Circle, the Figure is called a nne 
as ADr7 CEB. 
20. A Sector of a circle DrGC, is a Figure con- 
tained by an Arch (or Arc) thereof, and two Semi- 
diameters, when theſe two form a Right- angle, or 
the Arc becomes 4th of the Circumference. the 
Figure is called a Quadrant, as ADrC, (or CrGB, 
fee the laſt Fig.) 
21. The Circumference of every Circle is ſfup- 
poſed to be divided into 360 equal Parts, called 
Degrees, and each Degree into 60 equal Parts, 
called Minutes, each Minute into 60 equal Parts, - 
called Seconds, Sc. 
22. Every plane Angle DCG (ſee the preceding 
Figure) is meaſured by an Arch of a Circle, con- 
tained between the two Lines which form the An- 
gle, and deſcribed upon the angular Point as a Cen- 
ter; and the Quantity of the Angle is eſtimated 
from the Number of Degrees and Minutes, Se. 
which the laid Arch contains. 


Or SoLIDs, 


23. A Solid is that which has thiee Dinienflons, 
viz. Lengih, Breadib, and Thickneſs : — The Fi- 
ure of a Solid may be conceived to be generated 
either by the Motion cf a Plane (or ns” in 

F ome 
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ſome certain Direction, or by the Revolution of a 
Plane round ſome Line as an Axis. 
24. The Bounds, or Extremes, of a Solid, are 
either plane or curved Surfaces. F 
283. A Priſm is a Solid, whoſe two Ends are pa- 
rallel Planes, of any rectilineal Form whatever; 
the Planes of the Sides of this Solid are Parallelo- 
grams; when theſe ſtand perpendicular to tae Plane 
of the Baſe, the Figure is called an upright Priſm, 
when they ſtand otherwiſe to the Baſe, the Figure 
is called an obizque Priſm; if the two Ends are Pa- 
tallelograms, the Solid (being then contained under 
fix Parallelograms) is called a Parallelopipedon , if 
the fix bounding Planes are all Rectangles, the 
Solid is called a rectangular Parallelipipedon; and 
when the ſix bounding Planes are all Squares, the 


Is 
+. RAT ine S.Cat.. = > 
e 2 


x M1} : * . k | 

N i Solid is called a Cube. BP 

1 206. A Cylinder is a Solid, whoſe 

b 1 two Ends are equal and parallel J A 
1 Circles: This Solid may be con- : 
8 ceived to be formed, or generated, 

1 either by the Rotation of a Rect- 


angle ABED, about one of its i + 

Sides DE, as an Axis; or by the £ i « 
Motion of a Circle CmBz, in a = 

— Direction perpendicular to itſelf, G 

| to any aſſigned Altitude DE:  _ © 

This is called a right Cylinder. But if the Circle 

be ſuppoſed to move parallel to itſelf, in any other 

rectilineal Direction, it will thereby generate an 

inclined Cylinder; but this Solid never occurs in 

the Subject of Gauging. 1 5 

If the two equal Ends of the Solid are (inſtead 

of Circles) of any curvilineal Form whatever, it 

is in general called a Oylindroid; and is farther 

diſtinguiſhed according to the Figure of its Baſes; 

thus, if the two Ends were two equal, ſimilar, 

| | and 
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and ſimilarly poſited Ellipſes; that is, the tranſ- 
verſe and conjugate Axes of each End, reſpective- 
ly parallel to each other; the Solid is then called an 
elliptical Cylindroid, &c. 5 
27. A Pyramid is a Solid, whereof the Baſe is 
any right-lined Plane whatever; the Sides of this 
Solid are plane Triangles, whoſe vertical Angles 
(i. e. thoſe oppoſite the Perimeter of the Baſe) all 
meet together in a Point above the Baſe, called the 
JJ. EN 
28. A Sphere is a Solid, generated by a Semi- 
circle revolving about its Diameter as an Axis, 
29. A Spheroid is OT > AN 
a Solid, generated ” f ad 
by the Rotation of A EN 
a Semi-ellipſis a- | 
bout its Diameter 
as an Axis; if the 
Rotation, be about Y W 
che rü Am WET 
AB, the generated Solid AC BD, is called an eng 
Spheroid ; but if the Solid be generated about the 
_ conjugate Axis CD, it is called an oblate Spberoid. 
Note. The former of the two laſt mentioned So- 
lids, is only applicable to the preſent Subject: Every 
ſpheroidical Cafk reſembling the middle Fruſtum of 
fuch a Solid. 5 e 
30. AParabolicSpin- 
die is a Solid PRSR, 
generated by the Ro- 
tation of a Parabola 
PRSm, about its Or- 
dinate PS: But if the 0 1 
parabolic Space Rm (RmP) was to revolve about 
its Axis Rm, it would thereby generate a Solid 
called a Parabolic Conoid. 
e EIS 31. 


LG, generated by the > 
Rotation of an Hy- 


60 - Sud ir iv s of Sect. V. 
31. An Hyperbolic G 
Spindle is a Solid EG 


perbola EG Lu, about 
its Ordinate EL: But 
when the Hyperbolic Space Gul. (Gk) Were 


about its Axis Gn, it thereby generates the Re- 
ſemblance of a Solid, called an Hyperbolic Conoid. 


32. The Fruſtum of a Cone,* is what remains 


after a Part is cut off next the Vertex, by a Plane 


parallel to the Baſe of the Cone: The middle 
Fruſtum of an oblong Spheroid DhaCaf (ze Fig. 
to Defin. 29.) is what remains after two equal 


Parts are cut off, by Planes perpendicular to the 
tranſverſe Axis: The Parts ſo cut off, Aab and 


Bf, are called Segments of the Spheroid. 
Note. The former Part of the laſt Definition ex- 


tends, with equal Force, to the Fruſtums of Pyramids, 
Apron or ded ae A" ang TR 33 


— — 
** 


ges the Definition of a Cone in the following Page. 


SECTION 
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SECTION VI 


Or THE DEFINITIONS, AND SOME OF | 


THE PRINCIPAL PROPERTIES OF THE 
CoNnIC SECTIONS, 


DzFINITIONS. 


N an indefinite 

Right-line QR, 
conceive an immoveable 
(or fixed) Point P; upon 
which, as a Center, let 
the ſaid Line be moved 
juſt round, continually 
touching the Circumfe- 
rence of a Circle DAI C, 
placed in any Poſition 
| (except in that of a Plane 
Paſſing through the ſaid 
fixed Point); then that 
Part of the Line inter- 
cepted between the fixed 
Point and the Periphery 
of the Circle, will (by 
its Rotation) generate the 
convex Superficies of a 
Figure called a Cone: If 
the Axis PE, or the Line 
joining the fixed Point 
and the Center of the 
Circle, be perpendicular 
to the Plane thereof, the 


. Superficies 


. 
it 
1 1 
„ 
14 
1 
if . 
| ir 
4 Fd 
4 
4 
*F 
1 
{ 
| * 
15 
4 


(except parallel to the Baſe 
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Superficies then deſcribed, will be that of a right 
Cone, as DPI; etherwiſe, it will be an 1 oblique, or 


ſcalene Cone, as GPL. 


2. The Line PQ (Fig. I.) on the contrary Side 


of the fixed Point P, will alſo generate the convex 
Surface of another ſimilar Cone ; z and theſe toge- 
: ther are called oppoſite Cones. 


If a right Cone DPI, be cut into two equal 


Parts, by a Plane perpendicular to that of the 


Baſe; the Figure of the Section will be a right- 


lined iſoſceles Triangle. 


If a Cone be cut into two Parts, by a Plane 


oaralle) to the Baſe, the Fi igure of the Section will 
= a Circle. 


. If a Cone DCE, be 0 
os "by a Plane, paſſing 1 ER 5 
through any Point B in the ä 
Side CE, in any Direction 


DE) ſo as to cut the other 
Side CD (or CD produ- 
ced); the Figure of the 
Section, formed thereby, 


6 7 7 4 AA WARREN 
will be an Elliphs (or a D* 


Seer thereof). 
6. If two Lines be drawn in this F. igure perpen- 


dicular to, and biſecting each other, and each ter- 
minating both Ways at the Periphery of the El- 


lipſis; the longeſt Line AB is called the Tranſverſe 


| Diameter (or Tranſverſe Axis), and the ſhorteſt ab, 


is called the Conjugate Diameter (or Conjugate Axis 93 


the Point (e) of Interſection of theſe two Lines, is 


the Center of the Ellipſis. 


7. A Right-line, n, drawn perpendicular to 
either Diameter, - terminating both Ways at the 


Periphery of the Ellipſis, is called an Ordinate to 


that Axis which it interſects; 3 and the. Diſtance vB 
oh vA, 


* =, 
LEES in Ie x f * 
4- FA * 1 * 
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(vA, mb or ma) in the Axis, from the Ordinate to 
the Vertex B (A, bor a), is called an ld 1 

8. If a Cone F Hl, be cut | 
into two Parts, by a Plane, 
in a Direction parallel to the 
ſlant Side thereof; the Fi- 
gure of the Section aV av 1s 
ke a Parabola. 

The Righr-line Vo, 
hand from the Vertex V. 
parallel to the ſlant Side of the 
Cone, dividing the Area of the parabolic Section 
into two equal Parts, is called the Axis of the Pa- 

rabola; any determinate Part from the, Vertex V 
(as Vm) is called the Abſciſſa; and any Right- line 

mr, drawn perpendicular to the Axis Vv, termi- 

nating. at the Curve, is called an Ordinate.“ 
10ʃ If a Cone ABC, 

de cut into two Parts 

by a Plane, which, be- 

ing continued, would 
alſo cut the oppoſite 

Cone aB, the Figure 

of the Section Reg is 

called an Hyperbola :— 

Fhe Diſtance DR, in- 

tercepted between the 

two oppoſite Cones, is called the 7 ranſverſe Diame- þ 

ter (or Axis), and the Diſtance Bm from the -. _ 

Vertex B, to the Middle of the Tranſverſe, is | 

called 4 


oa . - w - p 
TAN Fayre. G 57 . .. — 


— 


** Though an 'Ordihate, riet y eki i is that Line i in a Conic Section, 
which is biſected by the Axis (or Diameter) terminating each-way at the 
Curve; yet Geometricians frequently call the Half of this Line (or the 

Diſtance from the Curve to the Axis, or Diameter) the Ordinate: For the 
general Property of the Curve is the very ſame in both Caſes; becauſe the 
Squares (or any Power or Multiple) of the Wholes, are in the ſame Ratio, 
* the Squares (or the Fes! Power or m of their Halves. 
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called rhe Semi-conjugate Diameter (or Axis): More- 


over, the Right-line cd, drawn trom any Point C 


in the Curve, parallel to the Semi-conjugate Dia- 
meter, is called an Ordinate; and the Diſtance Rd, 
intercepted between that Ordinate and the Vertex, 
is called an Abſciſſa. 5 . 
Note. If the Diameter of the Baſe be double 


the Altitude of the Cone, or, which comes to the 
ſame Thing, if ABC is a Right- angle; then the 
Section formed as above, is called an Eguilateral 
Hyperbola, and the two Diameters DR and twice 


Bm become equal to each other. 


Pao. I. 
| 7 he general Property of every Ellipfis will be, as : 


| the Square of the conjugate Diameter ab, is to the 


Square of the Tranſverſe AB, ſo is the Square of the 
Ordinate vn, to the Reftangle of the Abſciſſas Av 


and Bu; (fee Fig. III. of the preceding Defini- 


tions): Aud alſe, as the Square of the Tranſverſe 
AB, is to the Square of the conjugate Diameter ab, 


ſo is the Square of the Ordinate mn, to the Rectangle 


of the Abſciſſas am and bm.* 
; e . PR Op. 


om... 


— 


* Let DE ( Hg. I. in the Plate) be the Tranſverſe, and TH the conjugate 


Diameter of an Ellipſis; through the Center M, and alſo the Point of In- 


terſection (n of the Ordinate (bb) with the tranſverſe Diameter, draw RS 


and GK, each parallel to the Diameter of the Cone's Baſe : Then (ſuppoſing 


ACE to be a Plane paſſing through the Vertex and the Center of the Baſe of 
the Cone), by ſimilar Triangles, DM : RM:: Dm : Gm; again, by 
fimilar Triangles, EM : SM :: Em : Km; whence, by multiplying the 
Antecedents and Conſequents of both Proportions by each other, we get 


 DMXEM : RMXSM: :; Dy x Em: GX KM; but, by the Property 


of the Circle, RMx SM MHz, and alſo Gm Km bm; . DMX 
EM: MH? :: Dm x Em: bm* ; but DM = EM, +. MH? : DM? 
EM) :: bm* ; D x En; or, which is the ſame, TH? (Ax MHz): 
DE (4X DM?) :; bn D x Em. Q. E. P. 


Draw 
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PRO. II. 


The general Property of every conic Parabola (ſee 
Fig. IV. of the foregoing Def.) will be, that ihe 
Squares of any two Ordinates, rm and av, are to 
each other as their correſponding Abſciſſas, Vm and 
r 


PRO. III. 


The general Property of the Hyperbola (lee Fig. V. 
of the laſt Def.) will be, as the Square of any Ordi- 
nate dc, to the tranſverſe Diameter DR, is to the 
Rectangle contained under the correſponding Abſciſſa 
Rd, and the Sum of that Abſciſſa and the tranſverſe | 
Diameter, viz. Dd; ſo is the Square of the conjugate 


Diameter, twice Bm io the Square Ul foe tranſverſe 
DR. t 


„„ 


— 


Draw the Ordinate n; then, by the laſt Proportion, we have bm* : 


EM3—Mm? (EM2—bn?, or EMM Xx EM(MD)—Mm) :: THz: DEZ, 


that is, Im DEA = EM? — nt „ TH2, or h x TH? = EM2xX THz 
—bm Xx DEA; but EM*x TH*— bm? X DE*—4EM? x TM®?—bm? (Mn?) 


X DE> (or 4EM2); whence bn? Xx THz ="IMz= — Mn? X 4EM (= | 


TM+Mz X TM (MH) —=Ms * 4EM) ; 5 that i My: THz : DE? (4EM*) | 
2: TMZ—Mzx? (Tx Ha) bnz. Q. E. D. 


+ Draw DmG (Fig. II. in the Plate) parallel to the Diameter FI ; then the 
Triangles WI and VG are ſimilar, and ,*. VS: vl:: ]: NG, or 
VoXmG=Vnxvul; but, decauſe D — Fu. VX GX Dm = va x vl 
Xx F; and, by the Property of the Circle, „ x Dm mrs, and alſo 
x Fo=ve?, which being ſubſtituted above, we get VX r. nx 
va; that is, VV: Vm :: vas: mr. Q. E. D 


1 Through the Axis ra draw MI (Fig. III.) parallel to By, and 

| alſo let the Ordinate cc (lying in the fame Plane with M 41) be drawn: 
Then, by ſimilar Triangles, Da : Bn :: Dd : Id; 3 again, by ſimilar 

Triangles, ar: Bn :: dr ; dM, .. Da nr: Bn* :: DdXdr : Ia x dM; 

but, Da==nr, I, rz: Ban* :: Dad x dr: Idx d N; moreover, by the | 

Property of the Circle, cd* = IdxdM ; whence we have ar* ; Ba :; 

| 1 cd, or, D-2 (arr2): 2D (4322) :; Dad x : ed. 
Q. F. D. | | | KR 


ö 
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The foregoing Definitions and Properties of the 


Sections of a Cone are abſolutely neceſſary to be 
well underſtood by every practical Gauger, who 
would clearly apprehend what is meant by the 
Words, Elli is, Parabola, and Hyperbola; and 
alſo by the Solids, which may be conceived to be 


generared hy the Rotation of thoſe Curves about 


their Diameters, or Ordinates: Such as the Sphe- 

reid, Parabolic Spindle, and Hyperbolic Spindle, 
Sc. from whence the three Varieties of Caſks are 
formed. | 


SECTION VIE. 


Or THE MrasURE Or PLANE Ficunes; 


or of finding their Areas* in Ale and 


Wine Gallons, and Malt 5 ujpels. 


\HE Area, or Meaſure, of any plane Sur- 
face, Geometrically conſidered, is the whole 
Space contained under the Bounds of the Figure, 
without any Regard to Thickneſs; as in the Men- 
ſuration of Land, Painter's Work, Sc. This 


Area, or ſuperficial Content of the Space, is com- 


puted from another Space, of a determinate Form 
and Magnitude that is, from a Square whole Side 


is one Inch, Foot, Yard, Sc. called the meaſuring 


Unit ; and the Number of ſuch Squares, or Units, 
(and Parts of an Unit), that are contained in any 


plane Figure, is called the Content, or Meaſure of 


that Figure. But, in the Subject of Gauging, 


where the meaſuring Unit is one Ale or Wine Gal- 


lon, or a Malt Buſhel, it will be moſt commodious, a 
| in. 
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in Order to expreſs the Area of a plane Figure in 
fuch Denominations, to conſider the Plane (or ra- 
ther Solid) to be juſt one Inch thick; by which 
Means, if the Number that expreſſes the ſquare 
Inches contained in any plane Figure, be divided 
by the Number expreſſing the cubic Inches in the 
Ale ot Wine Gallon, or Malt Buſhel, we ſhall ob- 
tain the Area, or the Content of the Figure, in 
thoſe Penominations. 

Though it is ſaid (above) that any plane 1 I: 
gure will contain a Number of little equal Squares, 1 
yet it is not to be underſtood that all plane Figures | 
can be formed with a Number of ſuch Squares; ; 

but becauſe a Square (which can be ſo formed) may 
be found, whoſe Area ſhall be exactly (or nearly) 
equal to that of any plane Figure whatever. 

The very ſame is to be oblerved, with Reſ pect 

do every ſolid Figure (except a Cube, or a . 
gular Parallelopipedon) not being formed with a 
Number of little equal Cubes. 

Note. A Gallon of Ale, (Beer, or Vinegar) 
contains 282: cubic Inches. 

A Gallon of Wine (Sweets, Cyder, Perry, Ver- 
juice, Waſh, Low Wines, Spirits, Cc.) contains 
231 cubic Inches. 


A Wincheſte# Buſhel of Malt contains 21 50. 42 
cudic Inches. 


| ſ 5 Call! 
Beer 36 | each Gal- 
In I Barrel London Ale gate 32 \ lon 282 


e Beer & Ale 34 | cubic In- 


Vinegar 34 ches. 
1 Barrel of Sweets 314 Wine 


[Meaſure, 
PR O P. I. 1 
7 find the Hit of any plane Triangle, in Ale and 
Wine eat and Malt Buſhels, 


K 2 RuLE. 
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The foregoing Definitions and Properties of the 
Sections of a Cone are abſolutely neceſſary to be 
well underſtood by every practical Gauger, who 
would clearly apprehend what is meant by the 
Words, Eliipfs, Parabola, and Hyperbola, and 
alſo by the Solids, which may be conceived to be 
generated hy the Rotation of thoſe Curves about 
their Diameters, or Ordinates: Such as the Sphe- 
reid, Parabolic Spindle, and Hyperbolic Spindle, 
Sc. from whence the three Varieties of Caſks are 
tormed. Pu . : 


4 2 — 1 . * n 
F "I my 4 4 2 * * : 1 4 2 0 


SECTION VIL 
Or THE MEASURE OF PLANE FIGURES 7 


or of finding their Areas in Ale and 


Mine Gallons, and Malt Buſbels. 


*FF\HE Area, or Meaſure, of any plane Sur- 
face, Geometrically conſidered, is the whole 
Space contained under the Bounds of the Figure, 
without any Regard to Thickneſs; as in the Men- 
ſuration of Land, Painter's Work, Sc. This 
Area, or ſuperficial Content of the Space, is com- 
puted from another Space, of a determinate Form 
and Magnitude that is, from a Square whole Side 
is one Inch, Foot, Yard, *9c. called the meaſuring 
Unit ; and the Number of ſuch Squares, or Units, 
(and Parts of an Unit), that are contained in any 
plane Figure, is called the Content, or Meaſure of 
that Figure, But, in the Subject of Gauging, 
where the meaſuring Unit is one Ale or Wine Gal- 
lon, or a Malt Buſhel, it will be moſt commodious, 
in. 
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in Order to expreſs the Area of a plane Figure in 


fuch Denominations, to conſider the Plane (or ra- 
ther Solid) to be juſt one Inch thick; by which 


Means, if the Number that expreſſes the ſquare 
Inches contained in any plane Figure, be divided 
by the Number expreſſing the cubic Inches in the 


Ale ot Wine Gallon, or Malt Buſhel, we ſhall ob- 


tain the Area, or the Content of the Figure, in 


thoſe Denominations. 


Though it is ſaid (above) that any plane Fi- 
gure will contain a Number of little equal Squares, 


yet it is not to be underſtood that all plane Figures 


can be formed with a Number of ſuch Squares; ; 
but becauſe a Square (which can be ſo farmed) may 
be found, whoſe Area ſhall be exactly (or nearly} 


equal to that of any plane Figure whatever, 
The very ſame is to be oblerved, with Reſpect 
to every ſolid Figure (except a Cube, or a 3 80 


gular Parallelopipedon) not being formed with a 
Number of little equal Cubes. 


Note. A Gallon of Ale, ( Beer, or Vinegar) 


contains * cubic Inches. 


A Gallon of Wine (Sweets, Cyder, Perry, Ver- 
juice, Waſh, Low Wines, Spirits, &c.) contains 


231 cubic Inches. 


A Wincheſter Buſhel of Malt contains 2150. 42 
cubic Inches. 


4 Gall. 1 
In 1 Barrel 2 \ lon 282 
[Em Beer & Ale? 24 cubic In- 
Vinegar 34 ches. 
Ys ; Barrel of Sweets * 3814+ Wine 


= La 


PR O p. 3 


To find he Area of any plane T riangle, i in Ale and 
pine ' Gallons, and Malt Buſhels, 


K Rurz. 


RE: * al. ah IE 36| | each Gal- : 
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Rox. 


| From any one of the given Angles let fall a 
5 Perpendicular upon the Side oppoſite (produced if 
bi needful) ; multiply this Side, taken in Inches, by 
| N half the Perpendicular, taken in the ſame Mea- 
Jl ſure, the Product will be the Area of the Triangle 
ul in ſquare Inches; which being divided by 282 for 
Ale, 231 for Wine Gallons, and by 2150.42 for 
Malt Buſhels, the Quotient will be the required 
Area of the Triangle. | 
(| f Note. The Meaſure, or ſuperficial Content, of 
9 any plane Triangle is likewiſe obtained, by multi- 
plying the whole Perpendicular by half the Baſe; 5 
or by taking half the Product contained under the 
Y bo Baſe and * 5 


Ex A My I E. 


Ihe Baſe AC, of the 
Triangle ABC (or AEC) 
is 84, and the Perpendi- 

cular BD (or EF) is 36 
Inches; required the A- 
rea in Ale Gallons, Se. 


fl Oprna7iON. 

1 Baſe AC 94 

ql - 3 erp BD(EF 11 28 : 
1 16 

. 

41 

wk Py 
w Product 2 352 . the Area of the Triangle ABC 
#1 AEC) in 1 Inches. 
10 282 
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282) 2362. 00(8.34, the Area in Ale Gallons. 
231) 2352. 00010. 18, the Area i in Wine Gal- 

[ lons. 

2 150. 42)2 352, 00(1.09, the Area in Malt Buſhels, 


Hy the Sliding- Rule. 


c 282 Jon A, ſet 28 (or 84) on B; then 
TO 231 (oppoſite 84 (or 28) on the firſt 
(210.42) Radius on A, is the above Areas 

ang bes reſpectively on B.“ 

Note. The above Areas may be obtained by 
the Lines D and C, but not without extracting the 
Square Root, which would render the Operation 
more troubleſome than that above exhibited, by 
the FLARES A and B. 


Fro, It 
: To find the Area of a Square afdb, in Ale and 
Mine Gallons, and Mair . (See Defin. 15, 
P. 56.) 9 
Rur x. 


1 1 a PR _ — ww ä 
—— —— 
. 


* Ie i is evident that the CharaQeriftles (or Indices) in Logarithms, anſwer 
to the Number of Radii of the Rule; that i is, any Number greater than x 
and leſs than to, where the CharaGteriſt:ic is == o, is found on the firſt Ra- 
dius 5 likewiſe any Number greater than 10 and Jeſs than 100, the Cha- 
racteriſtic being = 1, muſt be found (according to the true Numeration of the 
Lines) on the ſecond Radius, Sc. For the Logarithm of any Number, is 
the very ſame as the Log, of 10, 100, ooo, Sc. times that Number, 
except in the Characteriſtics, which are == the Exponents of the Powers of 
10: Therefore, in the ee e Example, the Log. 2.8 ＋ Log. 8.4 — 
Log. 2.82 (= Log. 28 ＋ Log. 84 — Log. 282) = Log. 8.34: Whence it 
appears, that by ſetting 2.8 on B to x on A, we ſhall get the Diſtance from x 
to 2.9 on B, and from 1 to 8.4 on A in one Sum, meaſured on the Slide 3B; 
but this Diftance muſt evidently be diminiſhed by that denoting the Log. of 
2.82; to effect which, move the Slide towards the right Hand, *till 2.8 on 


B, ftands oppoſite 2.82 on A; then againſt 8.4 on n A, is 8. 34 on B, the 
fame as be fore. 82 
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Multiply the Side of the wes by itſelf, and 


divide the Product by 282 for Ale, 231 för Wine 
. Gallons, and by 2150.42 for Malt Buſhels; or 
CEN will be exact enough in Practice) by 8 and 


- 


ExAur EE. 


The Side of the Square af db, being 30 Inches; 


required its Area, in Ale Gallons, &c. 


Op ER A T10 N. 
1 
product 2 300 the Area in Inches: Then 
282) 2500. 00(8.86, the Area in Ale Gallons. 
. 231)2500.00(10.82, the Area in Wine Gallons. 


21 5002 500. o0(T. 26, the Area in Malt Buſhels. 


"OS Sliding-Rule. 


10:29 5 © -- 5 | 
To {is I 4 on D, ſet 1 on C; and oppolite 50 
40.37 


1 8. 86 5 
on D, 18 | IO. uf on C, the ſame as above. 


1.16 
Otherwiſe, ” the Sliding: Rule 


To ſ 12 on A, fer 50 on B ; and againſt 50 


2150 
on A, is 'the above Areas, reſpectiyely, on B. 


PROP.” 


Secr, VII. GAUGING. | "Fx 
PRO p. III. 


To determine the Area of a Rhombus, in Ale ang 
Wine Gallons, and Malt Buſhets. 


Ru L E, 


Multiply the two Diagonals together; Half that 
that Product divide by 282 for Ale, 231 for Wine 
Gallons, and 2150 for Malt 3 


5 EXAMPLE. 


Suppoſe the Diagonal 
ED 120, and AC 200 
Inches; required the Area 
of the Rhombus in Ale N 
Gallons, Se. 


OPERATION, 


1420 
200 


The Product of the Diag, 24h 


| Half the Product i is 12000 equal to the Area + 


[in Inches, 


282) 


A ho * — n * 8 


. —— 


* By Reaſon of the equal and 3 TER It is plain / Eu, 5. & 29. I. * 


that the oppoſite Angles are all biſected bv the Diagonals ; conſequently the 
Rhombus (ſee Fig. to Prop. III.] is cvidentiy divided (by the Diagonals) into 
four right-angled Triangles, fimilar' and equal i in every Reſpect; the Area 


3D 
of any one ons which will be expreſſed by AB X : 


BY 
cogſequently the Area of the whole Rhombus is = » 


1 ” — KA 5 wh 2 — 
= 2 : — = SORT * - 
— nt IO _” — 5 2 2 8 
— — - — n - 

4 - 


— 


— emcee —ꝝ-᷑ — 
— ——— — 


TE =o 


— 


— - - 
—_ — — — 
1 — — 
"LI — —_ 


* 
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28212000. 00{(42. 55 Sm to the Area in Ale 
{ Gallons. 

2 31) 2000. 00'51 94 = ihe Area in Wine Gal- 
[lons. 
2150) 1 2000. 0005.8 = che Area in Malt Buſhels. 


By the Sliding-Rule. 


* Le NE WL IL 

To? 2 57 on A, ſet 120 on B; then againſt 100 
— eee 

" 42.55 

on A, we have j 51 *, the required Areas on B, 


5.5 
che ſame as above. 8 , 


It may not be ans to Sure here, that by ſet- 
ting one of the Dimenſions on B, to 2150 on A, 
the other Dimenſion cannot be found on the Line 
A; unleſs the Rule conſiſts of more than two Ra- 
dius's, or the ſaid Dimenſion is equal to, or great- 
er than 100: We muſt therefore, in ſuch Caſes, 
have Recourſe to the Method already delivered at 


hs 42. 
PAO. IV. 


| To fnd 1 the us of a Parallelogram, in „ Ale and 
Fine Gallons, and Malt Buſpels. 


R UL E. Ta 
1 If i it is a reftangular 1 ü D 
Parallelogram, as ABCD: Fo OW 
Multiply the longeſt Side S 1 
by the ſhorteſt; if other- 8175 W- — C 


wiſe, as abcd (called by 


Some a FRE 7\ then multiply the longeſt Side 
2 


- 
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bc, by the Perpendicular df, and divide the Product 
by 282, 231, and 2130; the Quotients will be 
the Areas in Ale and Wine Gallons, and Malt 
Buſhels reſpectively. 


EXAMPLE. 


| Suppoſe the longeſt g E 
Side BC (or bc) 180, „ 1 | 
the ſhorteſt Side AB * 1 
„% / ͤ —b ELLE A, 
J Bs ; DO Ee” aan 


quired the Area i in Ale RON, &e. 


 OrERATION, 


180 
60 


— — 


3 Product! is 10800, equal the Area | in Inches. 


282)10800,00(38. 3 nearly, = the Area in Ale 
[Gallons. 

231) 10800. 00(46. 34 = the * in Wine Gal- 
8 Llons. 

21 50)10800, oo( 5.02 = = the Area i in Malt Buſhels, 


90 the Sliding-Rule. 


14 282 = „ 
To ſ 2 55 on . ſet either of the above given 


2150 - 


Dimenſions on B; ; 1 oppoſite the other Dimen- 7 


38.3) 
ſion on A, 1s 1 10 on B, the ſame as Hove. 
5 5.02 


74 by - | TAEATISE of Sect. VII. 
PA O r. V. 


To find the Area of a Trapezium, in Ale and Wi ine 
| Gallons, and Malt Ch 


Rb E. 


Let the following Figure ABDE, be divided into 

two Triangles by the Diagonal EB; upon which, 
from the Angles A and D, let fall the Perpendi- 

culars AC and DF; then multiply the D.agonal | 

BE, by half the Sum of thoſe Perpendiculars; or 

their Sum by half the Diagonal, and divide the 

Product by 282 for Ale, 231 for OW and 2150 
for Malt Buſhels. 


EXAMPLE. 


_ Suppoſe the Dia- 
gonal BE to be 84 
Inches, the Perpen- 
culars AC and DF 

to be 21 and 28 In- 
ches reſpectively; re- 
quired the Area in 
Ale Gallons, Se. 


OPERATION. 


255 
21 


Sum of the per. * 
+ the Diagonal (84) is 42 


. 
198 
Product! is | 2058, "the Area in Inches. 
282) 
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282) 2058.0 (7.3 nearly, the Area in Ale Gallons, 
231) 2058.0 (8.9 Wine Gallons. 
2150)2058.00(.95 Malt 8 


By the TR 


- 282 | : 
To 1 2 my on A, ſer 49 « on B; then oppoſite 42 
: new. 2 1 A 


on A , we fave 3 9 . on B, the ſame as above. ? 
ENF mba 
By the preceding Method of dividing the Tra- 
pezium, the Meaſure of any irregular Polygon may 
very eaſily be obtained: For it the whole Fi igure 
is divided into Triangles, and the Area of each of 
\ thoſe be found (25 Prop. I.), the Sum of which 
will be the — of the whole N 


Por. 5 


To fn nd t b e Area of any reg ular Peet, in 4 and 8. 
Mine Gallons, and Malt Buſbels. 


RU LE. 


Half che Sum of all the Sides, being multiplied | 
by a Line drawn from the Middle of any one of the 
Sides to- the Center of the Polygon (or the Circle 
circumſcribing it), and the Product divided by 
282, 231, and 2150; the Quotients will be the 4 
Areas in Ale and Wine 0 8 and Malt Buthels | 
reſpedtively. ' 


In the Hexagon ABDEF G, if one of its Sides 
AB (BD, Se. 0 be 64 Inches, the Perpendicular 
L 2 Ca 
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Cy (C r, Sc.) will be 55.42 Inches required the 
Area 1 in Ale 3 Se. 


| Oyzn ATION, 


— JP, 


2 the Sum of the Sides 192 . 
F ee e Cn 55.42 


384 
768 
960 
960 


Product 1064 64, the Areal in lakes 


283)10640.64(37. 73 = — the Area in Ale Gallons, 
231)10640.64(46.06 Wine Gallons, 


21 $0) 19940 64(4-94 Malt Buſhels, 
By the Sliding-Rule. 


e 
To 1 231 fon A, ſet 192 on B then againſt 55: 4 
2150 


= e 
on * we have 44% 0 on B, the ſame as above. 
4.94 
Any regular Polygon is compoſed of a as many 
iſoſceles Triangles as it contains Sides, and may 
be inſcribed in a Circle, whoſe Center is that 
of the Polygon's; whence the (equal) Angles 
at the Center become known: And therefore it 
follows, that, if the Meaſure of the Side of any 
regular Polygon be one Inch, the FOR 


\ 
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Cn (ſee the laſt Figure) and the Area of the Poly- 


gon (in Inches) become known, which being di- 


vided by the proper Diviſors, the Quotients will 


give the reſpective Multipliers* for Ale and Wine 
Gallons, and Malt Buſhels : — Theſe Multipliers, 


conformable to all Authors on this Subject, I have 
_ exhibited in the following Table, tor ſix different 


Kinds of regular Polygons. Now as it is well known, 
to Geometricians, that the Areas of ſimilar (or like) 
plane Figures, are in Proportion to one another, 
as the Squares of their correſponding Sides; there- 
fore, having obtained (as above) the Area of a 


Polygon whoſe Side is Unity, we then ſay, by Pro- 
portion, as the Square of 1 (which is 1), is to the 


Square of the Side of the Polygon whoſe Area is 


ſought, ſo is the Area of that Polygon whoſe Side 


is Unity (expreſſed in the following Table), to the 


ing 
pe RuLE. 


« Theſe Moltipliers, or Factors, may be otherwiſe derived, by ſuppoſing 


(inſtead of the Side) the Radius of the Circle circumſcribing the Polygon 
= 1: For if a denote the Number of Sides of a Polygon cireumſcribing 


that Circle, £ the Tangent of 4 the Angle at the Center; which Angle 
is always known, from the Number of Sides of the circumſcribing Polygon : 
'Then the Area of the Polygon circumſcribing the Circle whoſe Radius is 
= 1, will be expreſſed by IX X a, or ta, and the quare of one oi its 
Sides by 4412; . 4t* : ta :: 72 (the Square of the Side of any other Po- 
plu (or—) is =the tabular Number, or Factor (ſee 
47” 47 


Shirtcliffe's Gavging, P. 68.), and is therefore = the Area of a Polygon, whoſe 
Side is Unity, and Number of Sides =a ; Which is thus proved : — Let m re- 


lygon) : its Area; but 


preſent the Sine of an Angle whoſe Tangent is 7; then, by fimilar Triangles, 


m X a 


7 7 (Radius) :: m : _ = the Coſine, . * == the Area of the Poly- 


ogn whoſe Side is 2m, and Number of Sides a; whence, by ſimilar Figures, 


mia —2 NE 26 Pj 
a: — 2 1 7 Q E. I. 


Area of the Polygon ſought : Hence the follow, 


. Ln — 
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Multiply 


the Poly 


gon; 


A TREATISE of 


"RULE. 


Sect. VII. 


the Square of the Side of a given re- 
gular Polygon by ſuch a Number, taken out of the 


and 


toilowing Table, as is agreeable to the Name of 
the Product will be the Area 


thereof, in the ſame Denomination as the Factor 


that was made Uſe of, 


* 


POLYGONS. 


A TABLE for finding the Artzas if regular 


| | 


„Ares in Inches]: The ] The "he 

Numb. The An- [when the Side Area in Area in | Area in 
of Isle at theſof the Polygon ale Gal-| Wine | Malt 

Sides. Center. [is Unity. lons. {Gallons.| Buſhe!s. 
30 1.7204 oe. oi. oo 

860 0 2.5980 J. 09 212.0112466. 001208 
7 31 „„ - 2:0239 012883015727. 01689 
a 4.8284 1.01712 . 209 | .002245 
9 40 © | 6.1818 © J.021925 ge bs 02875 

| 10 * \ . 2 55 03579 


In the preceding cle the Side of the Hens 
gon is 64 Inches, which being multiplied by 2.598, 
the tabular Number for that F. igure, gives 10641. 4, 
the Area in Inches, the ſame as at : Page 76, very 


nearly: 


Having ſhewn the Methods bY computing the 
Areas of ſuch right-lined Planes, as chiefly occur 
in the Practice of Gauging ; I ſhall now proceed 


firſt of all, 


to determine the Areas of curvilineal Planes; 8 


the Circle, Ellipſis, and their Segments, Sc. But, 


it will be very neceſſary to ſhew the 


Learner, how to find the Circumference of a Circle, 
by having its Diameter given, and the contrary. 


E 


It 
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It is now looked upon, even by Mathematicians 
of the firſt Rank, as abſolutely impoſſible to de- 
termine the exaf Proportion of the Diameter and 
Circumference of a Circle. 

That great Geometer Archimedes, about two 
Thouſand Years ago, firſt diſcovered this Propor- 
tion to be nearly as 7 to 22; that is, if the Dia- 
meter of a Circle be 7, its Circumference will be 
22, very nearly. 

Since Archimedes Time, various 1 have 
been invented, whereby the ſaid Proportion may be 
approximated to a very great Degree of Exactneſs. 
Van Ceulen {a Dulch Man) found, by incredible 
Pains, that if the Diameter of a Circle be repre- 
ſented by 1, the Circumference thereof will be 
3-14159265358979323846264338327950288, ex- 
tremely near; for if the laſt Decimal Figure be ſup- 
| poſed q, the laid Number (3.1415, &c.) would 
then exceed the true Circumference ot a Circle 
whoſe Diameter is 1: — This laſt Number was not 
only confirmed, but was extended to double the 
Number of Decimal Places, by that ingenious and 
moſt indefatigable Mathematician, the late Mr. 
Abr. Sharp, of Little Horton, near Bradford, in 
7 orkſbire. 

But, in the ordinary Practice of Gauging, it 
will be unneceſſary to take any more than 3.14159 
(or 3.1416): Hence it is evident, that if the Dia- 
meter of any Circle be multiplied by 3.14159, the 
Product will be the Circumference of that Circle, 


bigs nearly. 
EXAMPLE. 


To find the Circumference of a Circle, whoſe 
Diameter is 40 Inches. he 
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La a Circle to be I; then the Circumference, by 


8& A Tazirtsz of Sxer. VII. 


OyzRATION. 


3.1416 
Product 125. 640 = — che Circumference in 
Inches. 
by the Sliding-Rule. 
Set 1 on B, to 3.1416 on A, then agaluſt $9 


on B, is 125. 5 0 on A. 


It is evident, from this Paine: that if the Cir- 
curnferctice of any Circle be divided by 3.1416, 
the Quotient will be the Diameter thereof, very 
nearly. | 

If the Diameter and Circumference of 2 Cir- 

cle are known, its Area will be found by multi- 


plying half the Circumference by half the Dia- 


meter.“ 

But ſince the Areas of: Circles (as well as all 
other ſimilar plane Figures) are in Proportion to 
one another, as the Squares of their Diameters (or 


like Dimenſions); it follows; that, if we have the 
the Area of a Circle whoſe Diameter is Unity, we 


can eaſily obtain the Area of any Circle, whole 
Diameter is given, without finding its Circumfe- 
rence at all : Suppoſe, for Example, the Diameter 


4 


the 


2 * — edn r pe * — 


— 


* This evidently follows from the Rule given es regular 88 Page 
75: For, ſince that Rule is general, let the Number of equal Sides be what 
it will; it follows, by conteiving a Polygon of an indefinite Number of Sides, 
that the Perpendicular Ca (ſee Fig. on P. 76) will then become the Radius 
of the Circle circumſcribing that Polygon indefinitely near, and conſequently 
the Perimeter of ſuch a Polygon is, very nearly, equal to the Periphery of its 
circumſcribing Circle; whence it is evident, that the Meaſure of any Circle 
is equal to.a Rectangle contained vader half its | Perignery and half its Dia- 


meter. 
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the foreſaid Proportion, will be 3.1416 very near; 


© therefore, by the preceding Rule, we have the | 


following 
OPERATION. 


bo 1416 


— 


4 the Circumference 1.5708 
2 ; the Diameter 5 


Product is 78640, the Area of a Cir- 


[cle whoſe Diameter is 1, nearly. 


Therefore if the Square of the Diameter of any 
Circle be multiplied by .78 54, the Product will be 
the Area, or Meaſure, of the Circle, in that De- 


nomination whereby the Diameter was expreſſed, | 


whether Inches, Feet, Yards, Cc. 


As, for Inſtance, ſuppoſe the Diameter of a 


Circle be 30 Inches, the Square whereof is 900; this 


being muitiplied by. 7834, gives 706. 86 ſquare 


Inches, the Area ſopght, nearly. 

Now if the Area of any Circle in Inches (and 
in all other Figures). be divided by the Number 
of cubic Inches contained in a Gallon of Ale or 
Wine, Fc. we ſhell obtain the Area of the Circle 
in thoſe Denominations: But, in order to avoid 


the above troubleſome Multiplier (.7854), in find- 
ing the Area of a Circle in Ale or Wine Gallons, 


or Malt Buſhels, we need only to ſquare the Dia- 


meter, and multiply that by the Quotients of. 7834 
divided by the reſpective Diviſors; or elſe divide 
the Square of the given Diameter, by the Quotients 
of the reſpective Diviſors for Squares divided by 
7854; and the Products, or Quotients, will be 


the Area of a Circle in the ſame Denomination as 
that of the Factor, or Diviſor, uſed. 


282) 


82 ATA EAT ISE of Sxcr. VII. 
Diviſors Factors | 
for Squares, &c, for Circles, &c, 


282) .78539 tn (.00278;1 &c. Ale Gallon. 


231) 1 c. (003399992 Wine Gallon. 
2150) 79539 © Se. 908555 Malt Buſhel. 


Diviſors 
for Circles. 


785398) 282. oo Sc. (359.05 Ale Gallons. 
785398) 231.00 (294.118 Wine Gallons. 
783399) 2150.420 (2738 Malt Buſhels. 

After the very ſame Manner may the Factors 
(and Diviſors) be found, for obtaining the Areas of 
Circles in any other Denominations; which, for 
the Sake of Brevity, I-ſhall exhibit in the follow- 

ing Table. 

The Factors, or Multipliers, for finding the 
Areas of Squares, Sc. in Gallons, Buſhels, Sc. 
are obtained by dividing Unity by the Diviſor for 


Squares, Sc. in the ſame Denomination. 


Diviſors Factors 
ſor Squares. for Squares, 


282) 1.000000 (. 03546 Ale Gallons. 
231) 1.000000 (. 04329 Wine Gallons. 
2150.42 ) 1.000000 (.000465 Malt Buſhels. 
Note. The above Factors for Circles may other- 
wiſe be obtained, by dividing Unity by the reſpec- 
tive Diviſors for Circles in Ale and Wine Gallons. 
The Gauge points (on the Line D) on the Sli- 
ding-Rule, for Ale and Wine Gallons, and Malt 
Buſhels, are the ſquare Roots of the Diviſors for 
Squares, or Circles, in Ale and Wine Gallons and 
Malt Buſhels, as follow. 

Diviſors 282 5 
for canes 1 231 f. the Square Roots are 
Se. CC 


16.79 nl 
Cf 5. 9 the Gauge · points for Squares, 
46.3777 5 

Diviſors 


Diviſors . 359. 0531 
for Circles, J 294. 118 f, the Square Roots are 


Sc. 2737.92) 
18.95) 
17.15 7 the Gauge-points for Circles. 
52.32 


The above Gauge-points are manifeſtly the Sides 
of Squares, and the Diameters of Circles, whoſe Areas 
are one Ale or Wine Gallon, or Malt Buſhel, 


4 TABLE of Multipliers (or Factors), Divi- 


fors, and Gauge-points, for Squares and Cir- 
. 


138 | A 


„ 5 bh FRY | st. Gauge- | 
- ers for | ers for Diviſors Diviſors [points ſpoints } 
The Side of af Squares, | Circles, | for | for | for for 
Square, or the Di-“ Sec. Se. squares. Orc es. Squares Cireles. 
ameter of a Circle — — {ff — 
18 .. 1 785398 1 11.273240 1 1.128 


Ale Gallon . 003 546 . 0278 51 282 [ 359 0516.79 | 28.95 
Wine Gallon l. oo4329 . 0339999 231 | 294.12 15.19 395 | 


$ 7 Malt(orCorn) 3 | | 

| D Buſhel . . . oo046 5 [,000365 2150. 422738. 46. 3752.32 
S { Mait(orCorn) Jo 457 : 
N Gallon . . 00372 . 02922 | 268.8 | 342.2416.35 | 18.5 


A Pound of neat]. g | 
Tallow . . . 1.031844 þ.025101 31:4 | 39-98| 5.60 6.32 

A Pound of hard| 8 * Þ | 3 
Soap. 036845 . 028939 27.14] 34.56 5. 209 5.88 

A Pound of green | 7 | f 1 

ſoft Soap . . . . 038956 . 306 25.67] 32.68] 5.06 | 5.72 

[A Pound of white} | 


| ſoft Soap 039123 5.030731 25.56] 32,54 3.86 -$J 
A Pound of green «© | | . 


Starch. 028735 022563 | 34.8] 44.32] 5-9 | 6.65 
Peund of '#ry "he 


13 Starch es 019493 40.3 | 51.3 | 6.34 | 7.16 | 


IE 


PROP. VIII. 


Having given the Diameter of a Circle; to find its 


$* in Ale and Win ine Gallons, and Mali Babel, 
REP 


M 2 Rur. 
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& 


RULE. 


Let the Square of the given Diameter be multi- 
plied, or divided, by a Multiplier, or a Diviſor, 
agreeable to that Denomination, in which the Area 
of the Circle is required; and the Product, or 


Quotient, will be the ſaid Area — 


EXAMPLE. 


Suppoſe the Diitbeter of a Circle 68 Inches, 


required its Area in Ale and Wine Gallons, and 


Malt Buſhels. 
OPERATION. 
68 
1 4 


544 
408 


The Square of the Diam. is 4624, "hich being 
multiplied (ſee the preceding LO) by 


,0027851 for Ale 
.0034 for Wine, and . or divided wy 
Uoo00365 for Malt Buſhels - | 

'C 359.05 for Ale 


7 2737.92 for Malt Buſhels 
Quotieats, give 12.87, 15. 72, and 1.68, for the 


required Area of the Circle, in Ale and Wine Gal- 


lons, and Malt Buſhels reſpectively. 


I 


294.12 for Wine, and . the Produdts or 


DEI. ET — Nen 
» es nh bats 9 
FF 


Seer. VII. GAUGING 23 
By the 1 * 


18.95] 7 
To 17.15 marked LD, ſet 1 on C; 
052.32 
$+ 7 157 
then againſt 68 on D, is oy 72 on C, the ſame 
1.68 
as before. FER 
| PRO P. IX. 


- Hig given the Length of the Arch, and the | 


Semi-diameter (or Radius) of the Circle; to find the 


Area of the Sector, in Ale and Wine Gallons, and 


Malt Buſbels. 


Ru L x. 


Multiply half the Length of the Arch his. the 


Semi- diameter of the Circle; and divide the Pro- 


duct by 282 for Ale, 231 for Wine Gallons, and 


21 50.Jor Malt Buſhels. 


EXAMPLE, 


han ADBC repreſent a Sector of aCircle, whoſe 
Semi-diameter AC (or BC) is 84 Inches, and the 


Arch ADB is 70.4 Inches ; required the Area in 
Ale TOs Se. 


OPERATION. 


4} 
f, 
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Area in Inches 295 6. 540 
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OPERATION. 


2 the Arch ADB 35-185. 
N AC 72 


140740 
4 +::.5 483450 of 


282)2955. 54'10.48 Ale Gallons. 
231)2955.54(12.8 Wine Gallons, nearly. 5 
e 5401. 37 Malt Buſhels. ; 


Se 55 the Sliding Rule. 


4382 Fo 8 
704 231 [ on A, fer 34 on B; then oppoſite 
2 18 . 
Cock 483 


35. 18 on A, we have ef 12.8 5 on B, che above | 


1 1:37 
required Areas. 

But if the Arch ADB, or the Meaſure of the An- 
gle ACB, in Degrees and Mirjutes is given, and 
likewiſe the Semi-diameter AC : Then multiply 
che Number of Degrees and Minutes (reduced to 


the Decimal Parts of a Degree) by the Square of 


the given Semi-diameter, - and that Product by 


. 000030945 for Ale, . 00003777 for Wine Gal- 


lons, and by .o00c04059 for Malt Buſhels. | 
In the preceding Example, the Arch ADB, or 

the Angle ACB, is found to be 48 Degrees, near- 
3 then 7056 (the Square of 84) being multiplied 
by 48, and that Product (which is 338688) by 
.000030945, gives 10.48 Ale Gallons: Moreover, 
the above Product (338688) being multiplied 


by 


* 


Sor. VII. G AU GING. 87 
by. 000 37777 gives 12.8 Wine Gallons; and if 
38688 be multiplied by .o0@60004059, the Pro- 
duct will be 1.37 Malt Buſhels, the very ſame as 
before.“ VVV 
By the laſt Propoſition, the Area of the Seg- 
. ment of a Circle may be obtained: — For if the 
Area of the Triangle ABC, be ſubtracted from that 
of the Sector ADBC, there will remain the Area 
of the Segment ADBA : But ſince it is very trou- 
bleſome to get the Length of the Arch of a Segment 
of a Circle; F ſhall therefore give one general Rule, 
whereby the Area of that Figure may be found to a 
very great Degree of Exactneſs, by having only its 
Chord and verſed Sine given; from whence the 
Diameter of the Circle is very eaſily obtained, by 
either of the following Methods 
If the Sum of the Squares of the Semi-chord 
and verſed Sine, be divided by the verſed Sine, the 5 
Quotient will be the Diameter of the Circle, to v 
which that Segment correſponds :—Or, if the Square 
of the Semi-chord be divided by the verſed Sine, 
and the Quotient thereof added to the verſed Sine, 
| that Sum will likewiſe give the required Diameter. 
3 e SBGryuphpoſe, 


. 


— ͤ——õ— N —_— 


* If the Diameter of a Circle be = 2, its Circumference will be 


6.2831 
360 | | 
Length of the Arch of one Degree, when the Radius of the Circle is 1:—Now 
let þ denote any Number of Degrees and Minutes, &c, reduced to the Decimal 
Parts of a Degree; then will .0174.53 X © repreſent the Length of thoſe De- 
grees, Ic. in the ſame Meaſure of which the Radius is x; then, becauſe 
fimilar Arcs (as well as the whole Peripheries) of unequal Circles, are to 
one another as their Radii, we have 1 (the Radius of the leſſer Circle) 
: bX.017453 :: : b5X.017453, the Length of the Arch to the Radius 3 


6.283 1, Sc. and there fore (= 017453, &c,) will expreſs the 


* Bf Rx X 5, or . 0872664 X 52 = the Content of the Sector 


0 5 hs ʒùꝶ 1 
in Inches; conſequently the Content in Ale Gallons is = —_— N 6x3 j 


2 e000830945X 557. 
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88 ATREATISE of Sxcr. VII. 
Suppoſe, for Example, the Chord of a Segment 
of a Circle be 24, and its verſed Sine 8; required 
the Diameter of that Circle. 


OPERATION. 


Semi-chord 12 | | 4 
12 
144 
Add the Sau. of the V. Sine 64 


8) 208026, the required Di- 
16 5 Lameter. 


48 
48 


Otberwiſe, by the ſecond Method. 


The Square of the Semi-chord is 144, which 
being divided by the verſed Sine (8) gives 18, to 
which add the verſed Sine, and we have 26, the 
required Diameter, as above. 

Both theſe Methods are very eaſily derived FENG 


the Properties of the Circle, which are well known 


to Geometers. 


PRO. X. 7 5 
Having given the Chord and verſed Sine of the 
Segment of a Circle, to findits Area in Ale and Wine 
Gallons, aud Mais Buſhels. 


RuLx. 


Sror. VII. 6 AUGLNG.. - a 
R v4 2? 


Divide the Difference between the verſed Sine 
and the Semi-diameter by 4, and note the Q- 
tient. 


I. Subtract the Square 
2. Subtract four times 


of the above noted 
uotient, from the 


the Square Square of the Semi- 
3. Alſo take nine times diameter, and note the | 
the Square Difference. 


Then to four times the Sum of the Square Roots 
of the firſt and third Differences, add twice the 
Square Root of the ſecond; to this Sum add the 
Semi- diameter and Semi-chord. 

Multiply that Total by 2th Part of the Difference 
between the Semi- diameter and the verſed Sine; 
this Product being taken from 1. 370 79 times the 
Square of the Semi-diameter, leaves the Meaſure 
of the Segment in Inches; which divide by 282 
for Ale, 231 for Wine Gallons, and 21 50 for 
Malt Buſhels. + - 


Ex AM TIE. 
Required the Area of the Segment of a Circle, | 
whoſe Chord is 40, and the verſed Sine 10 o In- | 
ches. | 


| Ll ! 


N OpkRATTON. 


a 2 ͤ— — _— „ 5 — a 


5 — 
— — . * * — 9 - * * 2 
. 7 9 


5 


8 This Rule is very eafily deduced, from the Method of equidiſtant Ordi- | 
nates explained farther on, 4; 
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Suppoſe, for Example, the Chord of a Segment 
of a Circle be 24, and its verſed Sine 8; required 
the Diameter of that Circle, 


Or ER AT ION. 


Semi-chord 12 
12 


2 144 
Add the Squ. of the V. Sine 64 


8 208 26 the required Di- 
16 3 5 Lameter. 


f 


48 
48 


ne, 


Otherwiſe, by the ſecond Met bg d. 


The Square of the Semi-chord is 144, which 
being divided by the verſed Sine (8) gives 18, to 
which add the verſed Sine, and we have 26, the 
required Diameter, as above. 

Both theſe Methods are very eaſily derived "ON 
the Properties of the Circle, which are well Known 
to Geometers. 


PR O P. . 
Having given the Chord and verſed Sine of the 
Segment of a Circle; to findits Area in Ale and Wine 
. aud Malt Buſbels. 


RULE. 


n GAUGING. 
"WV L-2,® | 


Divide the Difference between the verſed Sine 
and the Semi-diameter by 4s and note the Quo- 


tient. 


of the above noted 
Quotient, from the 


r. Subtract the Square 
2. Subtract four times 


the Square Square of the Semi- 
3. Alſo take nine times diameter, and note che 
the Square Difference. 


Then to four times the Sum of the Square Reots 


of the firſt and third Differences, add twice the 
Square Root of the ſecond ; to this Sum add the 
Semi- diameter and Semi-chord. 


Multiply that Total by 4th Part of the Difference 
between the Semi-diameter and the verſed Sine; 
this Product being taken from 1.57079 times the 


Square of the Semi-diameter, leaves the Meaſure 
of the Segment in Inches; which divide by 282 


for Ale, 231 for Wine Gallons, and 2150 fot 


: Malt Buſhels, EY 


EXAMPLE. 


© 


Required the Area of the Segment of a Circle, 


| _ whoſe Chord is 40, and the verſed Sine 10 In- 


ches. . : | | | ; 
N OrRATTON. 


— _ » * WI » * > . 6 E P ” nnn. 


* This Rule is very eafily deduced, from the Method of equidiſtant Ordi- 


nates explained farther on, 
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The Square of the Semi-chord is 460 
The Square of the verſed Sine is 100 
10) 350 ( 58 the 
[Diameter of the Circle, 
| *th of the Difference between the Semi- 7 
diameter (25) and the verſed Sine (10) 5 3-15 
The Square of 3.75 is 14.0625, which being 
multiplied by 4, gives 56.25; allo 14.0625 being 
multiplied by 9, gives 126.5625 ; then the Square 
of the Semi-diameter (25) being 625 ; therefore 
1. From 625 ſubtract 14.0625, the Remainder 
is 610.9375. 

2. From 62 5 ſubtra& 56.25, and there remains 
568. 25; and. 

3. From 625 take 146 362 55 and there remains 
498-4375: | 8 
The Square 1ſt - 24. 2171 

Root of 4 2d Difference is 5 23.8484 

the Cad [22.3237 
Four times the Sum of the 1ſt and 3d is 188. 1712 
AI ice the 2d Square Root 7.6968 

The Semi- diameter 2 5 | 
The Semi- chord 20 


Z Total 280. 8689 
Multiply by 2th of the Diff. between the ? . 
Semi-diameter and verſed Sine 2:5 


14043400 
5017360 


Product 3 702, 17000 | 
ee The 


— 9 . 
963 Oo 
BY 


Ster. VII. GAUGING. * gr 
The Square of 25 (the Semi-diameter) 


multiplied by 1.57079 is . . 981.74 
Subtract the above Product 702.17 


The required Area of the Segment in Go 
TTT 3 


282)279.57(.99, Area in Ale Gallons. 
2313279.57(1,21 Wine Galions. 
2150)279. 57(-13 Malt Buſhels, 


It may not be amiſs to inform the Reader, that 
the greateſt Error which can ever happen in com- 
puting, by the preceding Rule, the Area of any 
Segment of a Circle, will not exceed the true 
Meaſure ith Part of the Whole; and in many 
Circumſtances, eſpecially when the Segment ap- 
proaches near to a Semi-circle, will be more exact 
than by any general Rule I have hitherto met with. 
But the moſt expeditious Merhod of computing 
the Meaſure of the Segment of a Circle is, by a 
Table which is formed of the Areas of the Segments 
of a Circle,“ whoſe Diameter is 1, and which is 


N 2 . e 


2 


* Ir may not be improper to ſhew an ah Method of making this Table of 
the Areas of the Segments of a Circle ; and likewiſe the Reaſon of finding, 
thereby, the Area of a Segment of any Circle, by having only the Diameter 
thereof, and the verſed Sine of the 8 given: — This laſt depends on 
the following . 

T n KOR E M. 


"IHE the common Conte of any two concentric Circles, let tæuo Right-lines be 
drawn to any two Points in the outermoſt Circumference, and alſo let the Chord of 
the Arc of each Circle, included by thoſe tauo Lines, be drawn : Ther, will the 
werſed Sines of the Segments ſo formed, be to each other in the Ratio of the cor- 
reſponding Radit (or Diameters) of the two Circles; and the Areas 1 of thoſe Seg- 
ments Twill be as the Squares of thoſe Radii, or Diameters. | 


Let OB and OD (Fig, IV.) be the two Right-lines drawn from the com- 
mon Center O; draw the Chords 4% and DB, and perdendicular thereto 
draw the Radius OC ; moreover let the Chords cb and CB be drawn, Then, : 
ws Vr Triangles, we have, c: CB :: Ob : pag and alſo cg: CB 

Cm; 8 by Equality, Os : OB :: cn x Cm; or ce (2085) 
Moreover, 


— — — — 
— — 


— 


— - * 
— ——_—_——_y—_—_—_—_ 


= * * 

"a — „ 3 — 
- 2 2» — l £ — 
- — : r _ n 2 — 
— — — = 
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ſuppoſed to be divided, by Chords perpendicular 


thereto, into 1000 equal Parts: For if the verſed 
. EE Sine 


— ä 4 — 5 2 
9 — — 
3 _ 


Moreover, hecauſe ſimilar Arcs of unequal Circles are as their correſpond- 
ing Radii, it will be, as Os: the Arc bec :: OB : the Arc BFC, and (by 
T5. Eu. 5.) as ObX Ob : the Arc becx Ob (:: OB: Arc BFC) :: OBXJTOE 
: the Arc BFC XK OB, that is OS:: OBZ :: the Sector Oded : the Sector 


 GDCB; but (by 19. Euclid 6.) O:: OB? :: the Triangle Od6 : the 


Triangle ODB; whence, by Equality, the Sector Odch : the Triangle 


Oab :: the Sector ODCB : the Triangle ODB; therefore, by Diviſion, 
 Odcb—Odb : d:: ODCB—ODB : ODB, or the Segment ach: the 


Seg. DCB (:: Oase: ODB) :: O42 : OB? (:: cer: CEA). Q. E. D. 
A Method of computing the Table of the Areas of & egments of a Circle. 


Suppoſe the Radius of a Circle = 1 ; then will the Meaſure of any Seg- 
ment thereof, be expreſſed by J the Meaſure of the Arc of that Segment, 


minus the Sine of tha? Arc: For it is evident, the former (ceb x 1, Fig, IV.) 
_ expreſſes the Meaſure of the Sector Odch, and the latter (Ax 1) the Mea- 


ſure of the Triangle Os. 
Now, in order to determine the Meaſure of the Segment of a Circle to any 


. propoſed verſed Sine, ſuppoſing the Radius = 1, and divided into 1000 equal 


Parts by perpendicular Chords: Take, out of a Table of natural verfed 


Sines, the Degrees, Minutes, and (by proportioning) the Seconds, anſwering 
to the verſed Sine propoſed, this gives half the Angle at the Center, or half 


the Arch of the Segment; then find the Meaſure thereof in Parts of the 


Radius (1); by multiplying the Number of Seconds therein, by the conſtant 
Factor ,0000048481, expreſſing the Length of one Second; being = 
6.28318 | 


8 the whole Periphery of the Circle (to the Rad. 1) divided 


by the Number of Seconds in 3600. 


From the Meaſure of the Arc, thus obtained, take Z the Sine of twice 
that Arc, the Remaindey will expreſs the Meaſure of the Segment to the 
verſed Sine propoſed, when the Diameter of the Circle is ſuppoſed = 2: 


But if the Diameter of the Circle be = 1, which indeed is more commo- 
dious for Practice; then, by the preceding Theorem, the Meaſure of any 


Segment will only be th of zhat of a ſimilar Segment, when the Diameter 


bol its Circle is ſuppoſed = 2. By this Means we derive the very ſame Table, 


as that given at the End of Sbirtcliſe's Gauging, | | 
Suppoſe, for Example, it was propoſed to find the Meaſure of the Segment 
of a Circle whoſe Diameter is 2, and the verſed Sine ,1,—Let the Radius (1) 
be conceived to be divided into 100 equal Parts, then the propoſed verſed 
Sine will be repreſented by 100; for, by the preceding Theorem, 1: 1 :: 
1000: 100; then, in Sherwwin's Tab. of nat, verſed Sines, againſt 999.346 
we have 250 50, and alſo againſt 1000.6 14 we have 259 51/; . 1.268 


(viz. 1000.614—999e346) : 60 :: .b54 (1000—999.346) 
== 31” very nearly; then will 259 50! 41” expreſs half the Are of the Sector 
(or Segment), the double whereof is 519 41! 2”, the Sine of which is 
7845961; but 250 500 317 = 93031”, which being multiplied by, 
| | = »c000048348 1, 
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Sine and Diameter of a Circle are known, (or the 
verſed Sine and the Chord of a Segment of a Circle 


from whence the Diameter becomes known, ſee 


Page 88); then will the Meaſure of the Segment 
be obtained by the following eaſy 


Divide the verſed Sine of the Segment (with a 
competent Number of Cyphers annexed) by the 
Diameter of its Circle, to three Places of Decimals 
in the Quotient; find this Quotient in the Table 
of Areas of the Segment of a Circle, under the 
Letters V. S, and then againſt it, under Seg. 
Area, is a Decimal Number; which being multi- 
plied by the Square of the given Diameter, the 
Product will be the required Meaſure of the Seg- 
ment. | 


ExAmPlL E. 


Suppoſe the Diameter of a Circle to be 80 
Inches; required the Area of a Segment thereof 
(in Ale Gallons, Cc. 2 whoſe verſed Sine is 30 
Inches. 


OrERATILOx. 


— 


— 


Habs, the : Lengih of the Arc of "7 (to the Radius I), gives 
451023 59, for the Meaſure of the 
Arc 259 30031“ in Parts 


Zubtract 4 the Sine of the whole e, Lot the Radius 1. 


iz. Half 7845961 1 1 39229805 


— 2 


Remains the required Area, when the 
Diameter 1 is 22 1 5 2353 1 0587255 


— 


*th of which (ſee the preceding Theo, i is = 9775737 the Area of the Segment 
of a Circle whoſe Diameter is x, and verſed Sine . 1 or. 56; v. 100 or 50, 


according as the Radius is ſoppoſed to be divided into 1000, or 500 equal 
Parts. | 


* 


i 
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) 


—- — 
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OPERATION, 


go) 30.000 (. 37 5 Votiem. 
240 
600 
560 


Under the Letters V. 8, find the above Quo- 
tient .375, againſt which is . 269013, this being 
multiplied by 6400, the Square of the Diameter, 


the Product 1s 1721.6832, the Area of the Seg- 


ment in Inches; which being divided by 282 
gives 6.105 Ale Gallons, and being divided by 
231, the Quotient will be 7.45 Wine Gallons. 

"If the Area of the above Segment be computed - 


by the foregoing general Rule, the Reſult will be 


6.105 Ale, and 7. 45 Wine Gallons, exactly as 
above. 


Prop. XI. 
The 33 and conjugate Diameters of an 
Ellipfe being given; to determine the Area theres, in 


Ale and Wi ne Gallons, and Mall Buſpels. 


Multiply the mtu” (or longeſt) Diameter, 
by the conjugate (or ſhorteſt) Diameter; and divide 
the Product by 359 for Ale, 294 for Wine Gal- 


lons, and 2738 for Malt Buſhels. 


ExAMPLE. 


Szer. VII. GAUGING. 95 
EXAMPLE, F 


Suppoſe the tranſverſe Diameter of an Ellipſis 
to be 70, and the Conjugate 50 Inches ; j required 
its Area in Ale Gallons, Sc. 


OPERATION, 
OY. 
50. 


359) 3500, 805 - FA the Areain A. Gallons, nearhy. 
294) 3500.00(11.90 Wine Gallons. 
2738) 3500. 00(1.27 Malt Buſhels. 


& the Sliding-Rule, 


p A SNL. 
To wo ZI on A, ſet 50 on B; then againſt 
2738 = 

9-7 


70 on A, we gan have {2 . on the Line B, 
l e 
the Areas as before. 


PR Or. XII. 


Having given the Baſe and e of a Pa- 
rabola, (or the Ordinate and Abſciſſa, lee Defin. , 
Page 63); to determine the Area lara, in Ale and 
Wine Gallo, and Malt Buſhels. 


Rl k. 


Multiply the Baſe (or Ordinate) by 205 of the 

Perpendicular (or Abſciſſa); and divide the Product 
by 282 for Ale, 231 for Wine Gallons, and 2150 
for Malt Buſhels, 


EXAMPLE; 


-06 4 TREATISE of Ster. VII. 
E x A M P L. E. 


Leet the Baſe (or Ordinate) of a Parabola be 64, 
and the Perpendicular (or Abſciſſa) 36 Inches; 
| — the Area in Ale Gallons, Ce. 


= 


OrzRATION. 


55 . 
ds of 36 (the Perp.) is 24 
25 256 

128 


2875753505. 44 the Area in Ale 
| __ [Gallons, 
231)1536, o0(6. 64 Wine Gallons, 
2 Fort 536. 0000. 77 Malt wot. 


By the Sliding-Rule 
202}. hs 
To 231 Kon A, ſet 64 (or 24) onB; then op- 
= 2150 5 


[5:44 
poſite 24 (or 6 on A, we ſhall have 6. 64 
0. 710 
the Line B, the above Areas. 


Por. XIII. 


Having the tranſverſe Wy conjugate Diamiters of 
an Elligſis given; to find the Area of any Segment 
thereof, (formed by drawing a Line parallel to either 
of thoſe Diameters. ) FL.” 


RuLE.. 
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o. 2 , 


Find (by Prop. 10. Page 99 .) the Area of a 
circular Segment, whoſe vorled, Sine is the Altitude 
of the elliptic Segment, and the Diameter of the 
Circle is the tranſverſe (or conjugate) Diameter of 
the Ellipſis: Then, if the elliptic Segment is 
formed by a Line parallel to the conjugate Dia- 
meter, multiply the Area of the circular Seg- 
ment by the Conjugate, and divide the Product by 
the tranſverſe Diameter: But if the elliptic Segment 
is made by a Line drawn parallel to the tranſverſe 
Diameter; then multiply the Area of the ſaid cir- 
cular Segment by the tranſverſe Diameter, and di- 
vide the Product by the Conjugate,* the Quotient 
(in each Caſe) will be the Area of the elliptic 
Segment (in Inches, Sc.); which divide by 282 
for Ale, 231 for Wine Gallons, and 2150. "= . 
Buſhels. 1 85 4 


. _-, * - 
i —— „ — —_— —_ 


. — 


Let the tranfvert Axis A the Conjugate CD==c, the Abfeita 
Cx, and the Ordinate m == (ſee the following Ig. ): Then, for the very 


ſame Reaſon: that — = * Va (or Jx)1 is the Fluxion ol the elliptic Sege 
ment a5 (oben AF = and 5 =), will > x * . =z be the 


Fluxion of the elliptic Segment Ce; but x V 9 is hs Fluxion of the 
circular Segment bCd (fee Simpſon” F n Page 146); let the Fluent 


thereof be= A; then the Fluent of = x x Jar, is FEM: X A 3 
wheate the Area of the circular Segment es, is to that of the 4 iptic 1 | 
204; as A: = X A (or 1 U = or c: a; that js, as CD ; AB ; „ 60d 
e. 


gt A Trxarise of zor. VII. 


EXAMPLE. 


In the Ellipſis ADBC, let the tranſverſe Diame- 
ter AB be 82, and the Conjugate CD be 52 In- 
ches, and ſuppoſe the verſed Sine AF to be 8.5 
Inches; to find the Area of the elliptic Segment 
FAB, in Ale Gallons, &c. a4 : 


OPERATION. 


82) 8.500 ( .103Z 
__ Againft the verſed  _ —” 
Sine.103, in the Ta- „ | 
ble for the Segments / If 
ef Circles, is .042687, / 
which multiply by the / 
Square of 82, vix. AN 
6724, gives 287.027, \ | 
the Area (in Inches) X 
of the circular Seg- 
ment GAE; this a- — . 
rea being multiplied by 32, and the Product there- 
of divided by 82 (agreeable to the former Part 
of the preceding Rule) the Quotient will come out 
182.01 Inches, the Area of the elliptic Segment 
kAb: Whence the Area of the ſaid Segment, in 
Ale and Wine Gallons, and Malt Buſhels, is eaſily 
found; by dividing 182.01 by the above Diviſors 
teſpectivex. 3 _ 7 
he Method of Operation, for finding the Area 
of the elliptic Segment Ce, is the ſame as above; 
only obſerve, that the Area of the circular Seg- 
ment (Cd) is to be multiplied by the tranſverſe 
98 of the conjugate) Diameter, and that Pro- 
uct divided by the conjugate (inſtead of the tranſ- 
verſe) Diameter. „ Goat roads I 


Pror. 
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P R OP, XIV. | 
To find the Side of a Square inſcribed in @ Cittle, 
whoſe Diameter is given. 
RULE, NS 
Multiply the given Diameter of the Circle by 
.707, and the Product will be the Side of the re- 
quired Square, near bs 35 


EXAMPLE: 
Suppoſe the Diameter of a Circle be 62.5 Inches; 


What is the Side of the inſcribed Square; or the 
greateſt that can be formed within that Circle? 


OyznarION. 
62.5 
. 
4375 
43759 
Product is 44.1875, the Side of the Square. 


By the Sliding- Rule. 


To Unity on A, ſet. 70% (marked 5.5) on B; 
then againſt 62.5 on A, is 44.200 B. | 
Ts 4 2 - N. B. 


Pe _ — * 2 — PIR— 
28 * . = 


n 


la every Circle, the Chord of 900 is manifeſtly the Side of the inſcribed 


Square; and therefore, when the Diameter of the Circle is Unity, the Side 


of its inſcribed Square will (by 47. Eu. 1.) be ex preſſed by A, or ,707 
Se. whence, by fimilar Triangles, it will be, as 1 : .707 :: a (any given 
Diameter) : a X -707, the Side of the Square inſcribed in a Circle, whoſe 
Diameter is a, nearly, Q. E. IJ. D 


- A TxzarTiss of Seer. VII. 
N. B. This Propoſition is very uſeful in the 


rb of a round Jun, Oc. as will be ſhewn 
arther on. 


It may be proper to bite chat when, the 
Content of any Veſſe is known in cubic Inches, 
its Content i in Pounds of Glaſs may readily be ob- 
tained, by dividing. the ſaid cubic Inches by the 
Proper Diviſor, as follows. 


Diviſors. 
„%%% 7 2 8.46) 
A Pound Plate Glaſs 5 2 9.178 
| Avoirdupoize Crown and \'8 x cubic 
Weit Broad Glaſs ö 8 10. 516 Inches. 
of I Pbial and | © | 
" LUBorte Gloſs 10.1780 


7, id. the Officers Instructions for charging he Du- 
ties on Glaſs. f 


Hence the correſponding circular Diviſors, Fac- 


tors, and Gauge: points, may eaſily be obrained, 
| by 1 the Methods laid down 44. 82. . 


SECTION 
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SECTION Vn. 


Or Tu MrasURrs oF $0LID FrGukESö; 
or of finding their Contents in Ale 
and Wine Gallons, and M alt Buſh- 


els. 


H E Meaſure of every ſolid Figure is com- 
puted from another Solid, ot a determinate 
Form and Magnitude namely, from a Cube, 
whoſe Side is one /nch, Foot, Yard, Sc. called 
the meaſuring Unit; and the Number of ſuch 
Cubes, or Units, ( and Parts of an Unit) that 
any Solid is found to contain, 1s called the Mea- 
ſure, or Content, of the Solid; therefore when the 
Meaſure of any ſolid Figure in cubic Inches is 
known, its Meaſure in Ale and Wine Gallons, and 
Ma-t Buſhels will be eaſily found, by dividing 
the ſaid cubic Inches by the proper Deen for 
thoſe Meaſures an ated 


Prop. I. 


The Side of a Cube being given in Inches; to find 
its Content in Ale and Wine Galen,” and Mall 
Buſhets. 


Rull x. 


The Length We. and Altitude of the 
Cube (which are all equal}, being multiplied toge- 
ther gives the Content. in Cubic Inches; which 

divids 
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divide by 282 for Ale, 231 for Wine Gallons, and 
2150 for Malt Buſhels. 


EXA TE. 


Suppoſe the Side of a Cube to be 1 5 Inches; 
Dae its Content in Ale Gallons, Cc. 


en RATION. 


13 
3 
75 
226 
| I; 


_ 
45 uÞ 8 
The Content of the C ube in licks 337 Fo 


 282)3375. 00(11.96 Ale Gallons. 
231)3375-00(14.61 Wine Gallons. 
2250075 9001. 57 Malt Buſhel. 


By the Sliding-Rule. 


e 
To i 19 on D, ſet I5 on C; then oppoſite 


46.372 
11.96 : 
15 on D, is 40 on C, the ſame as before. 
„%; ł ͤ WL WY Th 7; 


ProP. E 
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PAO. II. 


The kal, Breadth, and Depth (or Altitude) of 

a retiangular Parallelopipedon being given in Inches 

to find its Content in Ale and Wine Gallons, and 

Malt Buſbels. (See Definition 25, Pa. 58.) 
RuLE., | 


; Multiply the Length by the Breadth, and that 


Product by the Depth (or Altitude), the laſt Pro- 
duct will be the Content in cubic Inches; which 


divide by 282 for Ale, 231 for Wine Gallons, and 
2150 for Malt Buſhels. 


EXAMPLE. 


The n of a rectangular Paralidopipedon L 
is 72, the Breadth 33, and the Depth (or Altitude) 
82 Inches; required the Content in Ale and Wine 


” Gallons, and Malt Buſhels. 
OPERATION. 


Length 72 
Breach. 33 


N 
216 


The Area of the Balc 2 3 759 
32 


— —— — 


Content in cubic Inches 194832 


„ 
ſite 82 on B, is 5 on A. 
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eee ool 690. 5g the Content in Ale Gal- 
{lons. 

231)194832.00(843.42 Wine Gallons: 

2150)194832. o0(90.61 Malt Buſhels- 


By the Sliding-Rule. 
1 282” 
To 231 fon A, ſet 33 (or 52) on B, then 


21504 Areas. 


141. 


: 8.4 
wk 72 (or 33) on A, is 4 Fr on B. 


7 8.42 
Then to 18 2 5 A, ſet I on B; and 2400 


1.11 


90.62 
Otherwiſe, by the Sliding-Rule. 


A geometrical mean Proportional between the 
Length (72) and the N (33) is 48.75 (found 


by 3 3 Page 46): Then, 
2 1 3 
104 0 on D, ſet 82 on C, and againſt 
L4G, 37 4; LS | 
£ 690.89 


48.75 on D, is 12 40 on C, the ſame as above. 


The foregoing Methods are both very exact and 


- e eee, for computing the Contents of many 
Brewers Guile-Tuns and Diſtillers Waßb- Backs; that 
is, ſuch whoſe four Sides ſtand perpendicular to the 


Bottom, which (in this Cafe) is a rectangular Paral- 


lelogram: But, it is to be obſerved, that, on Ac- 


count of the Unevenneſs of the Sos of the Tun 


Sc. it will be very neceſſary to take 10 Lengths 


(at leaft), and as * Breadths; each, as near as 
pond 
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poſſible, at equal Diſtances from one another, and 
from the Sides of the Veſſel; then the Sum of the 


Lengths being divided by 10 (or the Number of 


Lengths taken) and the Sum of the Breadths di- 
vided in like Manner; or, which comes to the 
ſame Thing, the Decimal Point, in each of theſe 
Sums (viz. when there ate 10 Lengths and 10 
Breadths), being removed one Place more towards 
the left Hand, gives the mean Length and Breadth 
of the Tun, or Back: Suppoſe, in the laſt Exam- 


ple, the Lengths and Breadths were taken, each at 


10 different Places, as follow : 


« 
*. 


Lengths. | Breadths. 


71.8 32.7 
72.4: 33-4 
72.2 33-k 
71.7 33-2 
. 52.0 324/ 
71. 32.9 
71.8 33.2 
72.0 1 
72.2 2333 
1 32.6 : 
Total 720.0 52 5 330.0 : 


— —_——_ 


roth is the mean 


Backs) are generally in the Form, as deſcribed 


above; but, as their Depths ſeldom exceed 8 In- 
ches, it will be ſufficient to take (about the Mid- 
dle) only one Length, and one Breadth; which 
being multiplied together, and the Product thereof 


divided by 282, the Quotient will be the Area of 
the Cooler in Ale Gallons: e 
P EXAMPLE, 


NEE eth is 33.00 the mea 
Length . « 5 OO, | [Breadth, 


At common Brewers; c. the Coolers (or 


| 
| 
| 
| 
) 
| 
q 
| 
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EXAMPLE. 


' Suppoſe the Length of a Cooler to be 112.5, 
and the Breadth 82.2 Inches required 1 its Ares in 
Ale Gallons. 


OPERAT TOR. 
112.5 
2.2 


2250 
2250 
| 9000 


2829247 5032. 8 Area! in Ale Gallons. 
The Worts in the Coolers being always gauged 


to the tenth of an Inch, it is therefore neceſſary 
that the Tables of ſuch Veſſels ſhould be made in 
Barrels, Firkins, &c. to every Tenth, which is 


uſually called tenthing a Cooler : But, before we 
enter upon that, it will be proper to obſerve, that, 


at common Brewers, there is an Allowance made 


of one Gallon. in ten, on Account of the Heat of 
the Worts; that is, every 10 Gallons of hot Worts 
in the Coolers, will be but 9 Gallons when cold, 

and let down into Tun; conſequently a Table 


muſt be made of only th of the nga Area of 


the Cooler, as follows. 
Whole Area 32.8 Gallons. 
Subtract woth 15 28 


Remains 29. 52, the neat Area for one 


Tack, 2 th of ach; is 2. 952, the neat Area of the 


Cooler for Roth of an Inch; but the 3d Decimal 
Figure (being. in this Caſe of ſmall Value) may 
be rejected, and Therefore 2.95 Will be the neat 

Area , 
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Area; by the continual Addition of which, the 


following Table of Beer Barrels was made. 

Note. The neat Area of any Back (or Cooler), 
for *;th of an Inch, may alſo be found by multi- 
plying the whole Area thereof (viz. for one Inch 


deep) by og: — Thus, for Example, the fore- 
going Area 32.8 being multiplied by og, gives 
2.952, the neat Quantity for 4th, the ſame as 


before. 
cas Tall Parts. 
Res WO ET Los | op 
TO! 0:5. 90 
VFC 
FTC 
3 +55: 75... 
| . ON, 
N nn 
0 
8 o -0.: 55 
3 50 


1 thought i it nevdief to proceed any farther with 


the foregoing Table, ſeeing that the Method of 


forming-it, is only the continual Addition of 2.95 


Gallons. 


By the ſame Method the Back may be tabulated 
for Ale Barrels, &c. (i. e. 34 Gallons to a Barrel), due 


Regard being had to the Decimal Parts, when the 
Sum of the Gallons and Parts, of the two Numbers 
to be added, exceeds one Firkin (i. e. 8.5 Gallons). 
It is, indeed, wholly immaterial in what Part 
of a Cooler the Gauge of the Worts is taken, 
provided its Bottom is fixed in an horizontal Poſition: 


But it is well known, that that is always placed a 


little inclined, for the Convenience of the Wort's 
running out : Beſides, at common Brewers, large 
Backs are generally found to ſettle of themſelves, 
2 more 


Breadth be each di- — Oe; PEER 
vided at the Bottom, | la [4 


equal Parts, accord- y SHS | PR fa » 
ing to the Magni - | 
tude of the Back, | _ſ __W hw (2_ 
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more one Way than another; and moreover their 


Bottoms will frequently warp, and thereby cauſe 
ſuch an Unevenneſs in them, as to render it almoſt 


impoſſible to know where to take a Dip of the 


Worts, whereby their true Quantity may be aſcer- 


Now in order to find, with the moſt Certainty, 


a mean Dip of a Back, or Cooler, proceed. thus : 


Let its Length and 


into 4, 5, 6, 7, &c. | 5 


mt 


and the Irregularity | | fj { j|_ 


of its Bottom, alſo D 8 e 


let parallel Chalk- lines be ſtruck ; ſee the above Fi- 


gure ABCD, which may be ſuppoſed to repreſent 
the Bottom of a rectangular te . Then (the Bot- 

tom being covered with Water let Dips be taken 
at all the Points of Interſection (a, e, u, t, v, Cc.) 


of thoſe parallel Lines, the Sum of which Dips 


being divided by the Number of Dips taken, will 

give the mcan Depth (or Dip) ſought. el he? 
Find in what Place of the Back, a Dip being 

taken, will anfwer to the mean Dip, for that mult 


| : be noted for the conſtant Dipping-place: But if ſuch 


Place cannot be eaſily come at, then chooſe One 
which will be the moſt convenient to dip at, and 
there make ſome immoveable Mark; obſerve how 


much the Dip taken ar this Place falls ſhort, or 


exceeds the mean, Dip (found as above), and accord- 


ingly mark it dowa on the Side of the Back, at the 


fixed Dipping-place, with the Character + or —: 


Suppoſe, for Example, the mean Dip of a Coo er be 


4+55 and, at the intended Dipping- place, it is found 
2 #3 1 | to 
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to dip only 4 Inches; therefore it is plain that 


muſt be added to every Gauge (or Dip) that is 


taken of the Worts, at the fixed Dipping-place, 
and muſt be there marked thus, + 0.5: But if 
the Dip, at this Place, had been 5 Inches, (which 
exceeds the mean Dip by .5), 1 muſt then have 
marked the Dipping- place — 0.5. 


Note. If the Sides of a Back &c. are parallel, and 
there happens to be any conſiderable Difference be- 
tween the two Diagonals: — Then we muſt mark 
(with a Chalk-line on the Bottom) the longeſt Dia- 


gonal, an@let Perpendieulars fall thereon, from the 
two oppoſite Angles, as in the Trapezium Pa. 74. 
It will be unneceſſary to give Examples for find- 
ing the Contents of all the various Sorts of Priſms 
which may occur in Practice, if the 2 5th Definition, 
Pa. 58, be rightly underſtood; for the Method of 
Operation, by the Pen, is much the ſame as that 


of the foregoing Examples, let the Figure of the 
two equal Ends of the Priſm be what it will : — 
That is, multiply the Area of one of the Ends, by 

their perpendicular Diſtance aſunder, and the Product 


zoll be the Meaſure of the Priſm in cubic Inches; 


which divide by 282 for Ale, 2 31 for Wine Gallons, 


and 2150 for Malt Bufhels. 
PR O P. III. 


The . and Length of « a Cylinder b given; 


to find its Content in Ale and Wine Gallons, and 
Malt Buſbels. 


Ru L x. 


Multiply the Square of the Diameter by the 
Length (or Altitude) of the Ae and divide 
the Product by 359 for Ale, 294 or Wine Gal- 
lons, and 2738 for Malt Buſhels : — Or the ſaid 
Product being multiplied (lee Ta. Pa. 83) by 

„„ 002781, 


_ 
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.0027851, . 934 and .000365, will give the Con- 

tent of the Cylinder. in Ale and Wine Gallons, | 
and Mak. Buſhels reſpectively. 


| EXAMPLE. e 
| The Diitivier tr · a Cylinder BC is 32, and the 
1 Altitude (or Length) AB 45.5 Inches; required 
f its Content in Ale Gallons, Ge. 
Orr * 4 T ION. 
| 3 D 
+98 4 21 
| N The Square of the Diam. 1024 - ; 
[ | 1 45. 5 | 2 : TM al 
iz | e 2 2 
5120 Ko 
1 5120 
1 | 359)46592. (129 78 the Con- 
| {tent in Ale Gallons: 
Il es 294)46592 .oo(158.47 Wine Gal- 
Ss [lons. 
i 2738)46592. 0001. or Malt Buſh- 
| 88 [ els, 
| By the 18 
1 18. 95 5 | 
x Toy 17.1 Jags) * D, ſet 4 5.5 on 
. . | Fouad 78) 
4 Gy then a 32 on D, is 41 58. 47 { on C, the 
|. ſame as before. L 
. If 


ee. 
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If the Diameter be leſs than 10, or more than 

100; or if it ſo happens, that, when the Length 

of the Cylinder on C is ſet to any of the foreſaid 

Gauge- points on D, the Diameter of the Cylinder 

on D, ſhould fall off the Slide either towards the 

right or left Hand: Then, in order to find the 

Content of the Cylinder by the Sliding-Rule, we 

may have Recourſe to the Method laid down at 
Pa. 48. 

Thus, for Example; ſuppoſe the Length of a 
Cylinder be 45.5, and the Diameter thereof 8 
Inches; required its Content in Ale and Wine 
Gallons, and Malt Buſhels. 

Now it is very evident, from the Conſtruction of 
the Rule, and the Gauge-points thereon, that the 
Diameter of the en (8) will fall off the Line 
D: Rt, | 


: TY | 

iro { 17 1 D, be fr 45.50 C, then = 

52.32 
againſt 16 (the Double of 8) on D, we ſhall have 


32-5 
WE 6 bon C; which being divided by 4 (becauſe 


op 8 of the Cylinder v was doubled), gives 
12 Ale Gallons 


95 Wine Gallons # the required Content of 
1.06 Malt Buſhels : 2 
the Cylinder. 


"I * 


Prop. IV. 


To ind the Content of a Pyramid (or Cone), in 
Ale and Wine Gallons, and Malt Buſpels. ; Fs De- 
finitions 1 and 27, Pages 59 and 61.) 


<> 


— * SER 
. ²—— GS. govt, Ws. 


The Content of the Pyramid in Inches 23275 
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Ru Il R. 


5 — 2 .— the Area of the Baſe (let the Figure 


thereof be what it will) by 43d of the Altitude, 


and the Product will be the Content in cubic In- 


ches; which being divided by 282, 231, and 2150, 


the Quotient will be the required Content in Ale 
and Wine Gallons, and Malt Buſhels reſpectively. 


Ex AMG L z. 


Suppoſe the Side of the Baſe of a ſquare Pyra- 


mid to be 35, and the Altitude 57 Inches; requi- 


ted its Content in Ale Gallons, c. 


OPERATION. 


35 
9 
3 

105 


1 


The Area of the Baſe in Inches 1223 
„ = of te Aki. 19 


11025 
1225 


„*1ü»—ä— — 


282)2 3275.00(82.53 the Content in Ale Gal- 


„ 2 1 [lons. 
231)23275.00({100.75 Wine Gallons, 
2150)23275.00(10.82 Malt Buſhels. 
1 
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By the Sliding-Rule. 
Toy 15.19f on D, ſet 19 on C; then againſt 
4? } 4 
C 82.53} 
35 on D, 1s 100.75 on C, the ſame as before. 
Kt 10.82 5 ES 5 
PROF. V. 


To find the Content of the Fruſtum of a Cane (or 
Pyramid of any Kind) in Ale and Wine Gallons, and 
Malt Buſbels. (See Defin. 32. Pa. 60.) 


NU. 


To the Sum of the Areas of the two Ends 
of the Fruſtum, add a Geometrical- Mean be- 
tween thoſe Areas ( viz. the Square Root of 
their Product), multiply this Sum by 4d of the 
Altitude of the Fruſtum, the Product will give 
the Content thereof in cubic Inches ;* which being 
divided as in the laſt Example, gives the Content 
8 . 
2 The 


0 


—_ a — 


te ct ms : —_—— 


— —U—— 


Let the Meaſure of the greater End of the Fruſtum of any Cone, or Py- 
ramid whatever (ſee Fig. V.), be denoted by A2, that of the leſſer End by 423 
then the Diameters, or any two homologous Sides of thoſe Ends (becauſe of 
their Similarity), will be as A and a reſpectively: Moreover, let the Diſtance 
(bm) of the Ends be denoted by p, and the Perpendicular Fn==x; and 

et the Solid ( AachB A) be cut by a Plane parallel to one of its Sides, 
and fo as to form a Pyramid (or a Priſmoid) HI3B, and parallel to that 
Plane, let another be ſuppoſed to paſs from any Altitude x + Then it is ma- 


nifeſt, that p (bm) : Ama (which is as BH) :: & (Fa): — X x 


Ax — a 


(which is as Br); .. A — * (being as AB—B7) will be as EF; 


conſequently 


* 


— — — 


— » 4 — . TR 5 „ * — 
e Rar, ori oo ne” nor s ronrmn7y 2 * — * 


—  — — — — 8 2 
p — — . 
— = 


- 3 — N Gs 
— — 2 — x — — 
— — — — — — A . — —ꝓ3?—P —— — — —_—_ 
— * — " a — — —— 
p 25 ck 7 * v 4 
* —— — " * . N Ry my — — —— — 
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The preceding Rule is general, let the Figure 


of the two (ſimilar) Ends of the Fruſtum be what 
it will; but the Content of the Fruſtum of à Cone 
in Ale Gallons, Sc. is more expeditiouſly obtained 


by the following 
Ru l. E. 


From the Square of the Sum of the top and bot- 
tom Diameters, ſubtract the Product of thoſe Dia- 
meters; the Remainder being multiplied by the 
Altitude of the Fruſtum, and the Product divided 
by 1077 for Ale, 882.36 for Wine, and 8214 for 


Malt Buſhels, Ou the Uh Content. 


EXAMPLE. 


** 


conſequently the FR: of the Section EGF (ale to "the Ends 


of the Solid) will be expreſſed by - Le an ==, ; whence the Fluxion 


A ET JET 2 . | 
of the Solid, univerlally, will be 2 LE X Xx, or (when ex- 
292 2 22x 2 242 
panded ) A þ2 x ma eons * —— Ae. * e 
| A2g3 Aax3 2x3 
Atpte—Atpat+ Apar* + aa — 0 — en | 
Fluent 5 —— N 3 — : b which, 
a 1 
when x p, becomes * — n 5 or Atop Ao? 
X 1 Q. E. 1 . 
3 


+ Is B and 3 denote the Diameters of 1 two Circles, whoſe Areas are 
A? and ar reſpectively; 3 that is, let B2 78 54 = AZ and 62x. 78 54; 


then will Bb X .7854==Aa, and .. B +BZ +32 78 54 =A?+FAaba; 


| whence BZ? + BS + 65* X .7854 x 4 (= B+8|* — BZ X «784 X LS) 


= A7 T Aa T7 x ＋ = the Content of a Fruſtum of any pyra- 


midic Solid whoſe Altitude is p ; ſee the preceding Vote. 


. Hence 
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Ex AM I. E. 8 

Let the top Diameter be 22, the bottom Diame- 

ter 40, and the Altitude (or Depth) 60 Inches; 

required the Content of the Fruſtum in Ale Gal- 
lons, Oc. 


OPERATION: 


22 
1 9 5 62 15 22 
62 40 
e 880, the Product 
372 (of the Diameters. 
Sq. of the . 
of the Diam. © 3544 


Subtract 880 


—_— 


Remainder 2964 
Depth 60 


1077)177840(165.12, the Content of 


the Fruſtum in Ale Gallons ; whence, by the pro- 


per Diviſors, the Content in Wine Gallons and 
Malt Buſhels, will be found to be 201.55 and 21.63 
reſpectively. _ 0 5 W +. 
n n Provided 


* "ho 
1 n 1 


1 - 2 


» * . 
„ 1 


ence it is very eaſy to deduce another general Rule for determining the 


Content of the Fruſtum of a Cone: For B — The + 335 X 7854 * = 


£ 


(om 7 FB3F3z * 7854 K £9 is likewiſe = ATA Fa X = | 
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Provided a Brewer's Guile-Tun (or a Diſtiller's 
Waſh-Back, Sc.) was a perfect Fruſtum of a 
Cone, the above Rule would be ſufficient for find- 
ing its Content; and moreover a general Method 
might be given for finding the true Quantity upon 


every Inch of the Fruſtum's Altitude, by which 
Means a Table might be formed to know the 
Quantity of Liquor contained in the Tun (or 


Back), at any Number of wet (or dry) Inches of 


its whole Depth. 


But, in Veſſels of this Wd, it is well RIVER 


that the Croſs-Diameters differ pretty much in va- 
rious Parts of the Altitude, eſpecially if the Veſſel 


is of a conſiderable Magnitude : Therefore the 
moſt practical. and certain Method of finding the 


Content, and tabulating a Guile-Tun, Sc. re- 


ſembling the Fruſtum of a Cone is, to take Croſs- 


Diameters at the Middle of every 6, 7, 8, , or 10, 
c. Inches of its Altitude; then will half the 


Sum of any two Croſs-Diameters be, nearly, the 


true Diameter at that particular Altitnde. 


Find the Areas in Ale or Wine Gallons correſ- 
ponding to the Diameters, thus obtained, in the 


Middle of every 6, 7, 8, 9, or 10, &c. 8 


the Sum of theſe Areas being multiplied by their 


common Diſtance aſunder, or, which is the ſame 


Thing, each Area being multiplied by its correſ- 


' ponding Part of the Depth, the Sum of the Pro- 


ducts will give the Content of the Tun in Gallons, 
if it ſtands perpendicular to the Horizon : But if 
the Tun ſtands inclined ; then ſo much Liquor 


muſt be meaſured n as will be ſufficient to 


cover the Bottom, and at the Place where the 
Depth of the Tun was found (which is always: 


taken at the intended Dipping-place), take the 
me of the Lauer which covers the Bottom; 


that 


YO 
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that being ſubtraſted from the whole Depth, 
leaves the neat Depth of the Tun. 

Now, to quarter ſuch a Tun, or to obtain 
| Croſs Diameters of any Veſſel of a circular Form, 
in any Part of its Altitude, proceed thus. 

With a Chalk-Line and Plummet, at the loweſt 
Part of the Tun, ſtrike a ſtrait Line on the Side 
thereof, from the Bottom to the Top ; then with a 
Dimenſion-Rod take the Diameter of the Tun at 
the Bottom, multiply that Diameter by. 7 (ſee Pa. 

99) the Product will be the Side of the inſcribed 
Square, very nearly, with which the Tun may be 
_ quartered at the Bottom; and by the very ſame 
Method of proceeding, the Tun (or Back) may be 
quartered at the Top; then let Marks be made with 
Chalk at each Quarter, both at the Bottom and 
Top, and ſtrike ſtrait Chalk-Lines from thoſe 
Marks; the Veſſel will then be properly quartered, 
and Croſs-Diameters may be taken at any aſſign- 

ed Diſtance from the Bottom. 

It may be proper to obſerve, that by Means of 
quartering a round Tun (or any inclined circular 
Veſſel) both at the Top and Bottom, we get the 
true Croſs-Diameters at any Part of its Depth; 
which otherwiſe could not be obtained, unleſs the 
Veſſel was fixed perfectly upright, or with its Bot- 
tom parallel to the Horizon. 

It is moreover to be obſerved, that, when great 
Exactneſs is required, the Number of Areas, 
in every Veſſel (whether ſtrait or curve-ſided) 
ſhould be ſuch, that the Increaſe of the Croſs- 

Diameters (or Dimenſions) may not exceed one 
Inch: —In Order to obtain which, in a ſkrait- 
fided Veſſel; divide the Altitude thereof by the 
Difference of the top and bottom Diameters (or 
_ Dimenſions ), and the Quotient will be the 

n 


| 
| 
; 
| 
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perpendicular Diſtance which the Croſs- Diameters, 
Se. are to be taken from each other.“ 

If a Veſſel is to be tabulated for the dry Inches, 
it will be proper to begin from the Top, to mark 
out and take its Dimenſions; and from the Bottom, 
when it is to be tabulated for the wet Inches. 

When the Difference of the top and bottom Dia- 
meters (or Dimenſions) of any ftrait-ſided Veſſel is 
but ſmall; then the Diſtance of the Croſs-Diame- 


ters, Sc. may be ſet off upon the Side, without 


ſenſible Error: But, when that Difference is large, 
we muſt, in Order tothave the true Diſtance of 


the Croſs-Diameters Sc. on the Side, take the 
following Method: — Meaſure the ſlant Side of 


the Veſſel, and multiply the Length thereof by 


the intended Diſtance of the Croſs-Diameters (or 


Dimenſions), and divide the Product by the per- 


pendicular Depth of the Veſſel; and the Quotient 
will be the Diſtance of the Croſs-Diameters, Sc. 


meaſured on the ſlant Side. 
Note. It is both more expeditious and certain, to 
mark the Sides of any Veſſel, where the Dimen- 


_ fions are to be taken, with a Pair of Compaſſes (ſuch 


as are uſed by Coopers), than by any other Method 
that has yet occurred to me. 


EXAMPLE. 


Let the Depth of a Diſtiller's round Waſh- Back 


be 61.8 Inches, the Drip, or Depth of the Li- 


Wo at the intended Dipping- place 1.2, and the 
331 ; ED Croſs- 


1 1 5 


mY - — Y * . = 44 * 4 * 
— err: — a „ 
« > » i 7 4 = — 


*I the 4 Altitude of any ſtrait · ſided Veſſel be denoted by a, and the Diffe- 
rence of the top and bottom Dimenſions by d; then it is evident (by ſimilar 


Triangles) that a : 4 : I (viz, one Inch): —= the perpendicular Dis- 


tance of the Dimenfions, 
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Croſs-Diameters as below; required the Content 


of this Veſſel i in Wine Gallons. 


Inc hes. | Diam. Dian, 2 _ Gallons. 
12 (6 Inches fr, the Top) $548... $1.0 5 96 111.13 
10 (17 from the Top) « 53.5 « 52.5 ITY * 95.50 
10 (27 from the Top) .. 54-3 « . 5345 « « 9:87 « . 98.70 

10 (37 from the Top). 55.0 . , 54:4 +» » 10.17 «'. 101.70 
10 (47 from the Top). —3⁰⁴5 . + $5.4 « 10. 56 105. 60 
8.6 (56.3 fr. the Top) . Om. 56.3. . 1083 , . 9313 


Drip 1. 2 „ „ boat ES 8 tv . ON Tote .. 8. 5 10. 00 
Depth 61.8 5 1 F); Jan LAI, Content 615. 7 
| | | Wine Gallons, 


| Groſs Depth 61.8 | Oat. 
Drip 1,2 , 10 


— — —— — 


Neat Depib 60. 6 


The Manner of finding the 1 Areas, Sie. 
is extremely eaſy: Thus, for Inſtance, the Sum of 
the two Croſs-Diameters at the Top being 104.4, 


the Half of which is 52.2, the Diameter at 6 Inches 
from the Top of the Veſſel; then againſt this 


Diameter, in the Table of Wine Areas, we have 
9.26, which being multiplied by 12, gives 111. 12 
Wine Gallons, the Content for the firſt 12 Inches 
from the Top of the Back. By the very ſame 
Method the other ye Areas, Sc. were ob- 
tained. 

In Order to form the preceding Work into a 


Table, whereby the Quantity of Liquor in the 


Back, at any Number of dry Inches, may be 


known by Inſpection; proceed thus: From the 
whole Content 615.75, ſubtract 9.26, the Area in 
the Middle of the firſt 12 Inches from the Top. 
viz. 9.26, and the Remainder 606.49 will ſhew 


the Quantity in the Back at one Inch dry ; again, 


from 606.49 take 9. 26, the Remainder 597.23 will 


be the Quantity in the Back at two Inches dry; 
and by proceeding in the ſame Manner for 10 
Inches more, we ſhall get the Quantities of Liquor 
in the Back at 3, 4, 5, 6, Sc. to 12 Inches dry. 
From 
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From the Quantity at 12 dry Inches, ſubtract 
the 2d Area, viz. 9.55, and from the Remainder 
take again the 2d Area, and ſa on, *till we come 


to the 22d Inch; then proceed with the 3d, 4th, 
5th, and 6th Areas, ſucceſſively, 'till we get the 
Quantity in the Back at 60 dry Inches; from which 


Quantity take th of the 6th Area, and the Re- 


mainder will be 10 Gallons (9 Drip) if the Work 
is right. 


Though it may, perhaps, be reckoned more 
elegant to determine the Meaſure of the Drip, or 


Fall, of a Tun, Sc. by Computation, than to 
cover its Bottom (with Water) by a known Mea- 


ſure z yet I cannot but think 0 the Inclina- 


tion of a Tun, when fixed, is ſo very ſmall) that 
the latter Method is tar more eligible, both with 


Reſpect to Expedition and Exactneſs, than to make 


uſe of a Quadrant, or any other mathematical In- 
ſtrument, to determine this ſmall Inclination; and 


afterwards to have the Meaſure of the Drip to find, 
by a very troubleſome e 


OPERATION for a TABLE of 455 FIERY in 


Mine Gallons, 
e. Gallons. Inc. Contin. 
Full] 615.75] X 569.45 
1. 4. 9.26 | 9.26 
1] 606.49 6 560.19 
E22 
21 597-23] 7550.94 
9.260] | 9.26 
3] 587-97] 8541.67 
. 9.2660 9.26 
4] 578-71 | 9] 532-41 
| 9.26| | 5 . 9.26 


Inc. 


Irrer. VIII. 
Tuch 


10 


Contin. 


523.15" 


26 


— 


513.89 


- 
Y 22 


I Inch 


9.26 | 


26 


| Contin. 
| 309. 65 


504. 63 | 
2 55 by 


495.08 
9.25 
485.53 
228 


475.98 
2.85 
466. 43 
|... 9:55 


456.88 | 
[__9:55]_ 


— —— 


447-38] 
9:55] 


34| 2 


437, 780 
9:56] 


20 "428. 23| 36|j 269.75 
Lb 
7418.58 37 259.58 
dann 9:55 [inthe 29017 


| 409-13 |. 
9:37] 
399.260 


389.39 
* 9.82 
379.52 [| 


987 
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1 5 Inch Contin. \ Inch Contin. 
| 42] 208.73] 52] 103.13 
g. A.] 10. 86 6.4] 10.83 
43198 17 53] 92.30 
n. 10.6 5 
44 187.61 841.47 
8 10 36 Ok 10.83 
45] 177-05 55 70.04 
| 10.56 . 10. 8 3 
46 166.49 | 56] 59.51 
IJ. 10.56] | 10.83 
47 155.93 57 48.98 
10 36 | 10.83 
48 145.37 58] 38.15 
SY 10. 36 HE © 10.83 
49 134-81 | 59] 27.32 
5+: 10-50 .0..þ: 10.83 
V0 [72525 % Go] 1649. 
"68 13. 59 60. 0 10.00 T1083. 
10 56 61.8 OO 


lt is to be obſerved, that, i in ; tabulating any Veſſel, 
there is no Neceſſity for writing down (as above) the 
Area at every Inch; but only to enter it on a ſmall 
Piece of Paper, and move it downwards as we 
ſubtract, or add, according as the Table 1s to be 
made tor the dry, or wet Inches: And, that we 
may proceed with more Certainty, it will be ne- 
ceſſary to examine the Operation, at every different 
Area, in the . Manner. 


Whole 
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OLED ? Gallons. 

Whole Content, ſee Pa. 120. 6183.75 

Subtract 12 times the top Area 111.12 


n 


Remains, at 12 Inches dry,” 504.63 
Subtract 10 times the 2d Area 95-50 


At 22 Inches dry 409.13 
Subtract 10 times the 34 Area 3 9 


4 32 Inches dry 310. 43 
Subtract 10 times the 4th Area 101. 1 


4 Inches dry 208. 73 
Subtract IO times the 5th Area 2255 60 


„* * 


At 52 Inches dry 103.13 
| Subtract 8. 6 times the 65 Area 93.13 


Remains the Drip, or Fall, 10 


Sometimes the Poſition of a Diſtiller's Wa 
Back, Sc. is ſuch, that it is found neceſſary to fix 
the Dipping- place thereof, at ſome certain Diſtance 
above the Top of the Back, which Diſtance is called 

the Curb; and, to avoid unneceſſary Trouble in 
tabulating the Veſſel, it is always taken a whole 
Number, in Inches. Suppoſe, in the preceding 
Example, there had been a Curb of 9 Inches; then, 


at the Time of taking the Dimenſions of the 
Back, we ſbould have written down, 


Whole 8 wit 70.8 
Curb 9. 0 


Groſs Depth of i the Back. 61.8 Cal. 
Drop * 12% 4510.7 


Neat Depth 6 a.6 
R 2 Moreover, 


— — 
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Moreover, in tabulating a Veſſel where there is 

a Curb, inſtead of beginning at Full (as in the 

— Table), we 3 begin as follows: 
— mn Inches. Gallons, 

N 9 © 7 65h. 3 

10 Þ . 606. 49 \ ii 


„ 
20 


2 as 2 


If the- foregoing Dimerſions were thoſe of a . 
Brewer's round Cuile-Tun; "then the Method of 
finding its Content, and tabulating the ſame, would 
differ but little from that above exhibited. 

For if from the whole Content, found in Barrels, 
Firkins, and Gallons (and to two Decimal Places 
of a Gallon), we ſubtract the top Area, reduced 
in like Manner; the Remainder will ſhew the 
Quantity, in Barrels, Firkins, Sc. in the Tun at 
one Inch dry; Proceed to find the Quantities at the 
oY} 3d, 4th, Sc. dry Inches, and likewiſe with 
the ad, 30 I, und 4th, Sc. Areas. — This Method 
will, T. E ptehend, be ſufficiently illuſtrated / che 
following Operation. 1 5 5 


zug 9 * Nr . 4 ? "x : # [ 
. 


4 jake the Dimenſions of a Ce opper 1 a riſing 
eus to find its Content and zabulate the Jeme, 
in *Burrth, * Pirkins, & c. 


7 


It is got known that. Conntry and Stills. are 
always fixed with their Bottoms ſomewhat inclined 
to the Horizon, their loweſt Part being at the 
Cock, for more Convenience of draining off 
the Lig uor; but this Inclination being ſo very 
ſmall, aw the Figure of the Surface of the 
Liquor, at every Altitude, may be conſidered 
as a Circle without Wy, ſenſible, Error reſulting 
45253501 5 therefrom, 
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therefrom ; therefore the Dimenſions may be taken 
in the following Manner. | 
Suppoſe the Fi- 
gure ACDEF toF x 
_ repreſent aCopper, W& 
when fixed, and A WR 
the Place of the We 
Cock; through C, : 
the Center of the 
Crown, extend a 
Piece of Pack- 
thread in ſuch a 


Manner, that the perpendicular Dillances An and 


Dns may be equal to each other, and let Marks be 
made, on the Sides of the Copper, at M and P; 


alſo extend a ſmall Cord (or Pack-thread EE) dia- 
metrically over the Top of the Copper, and with 

one End of the Dimenſion- Cane on the Center C, 
find the neareſt Diſtance to the ſaid Pack- thread 
EF; that Diſtance (vig. BC) will be the internal 
Altitude of the Copper. 

Now let the Copper be quartered, at the Bottom 
and Top, by the Method already laid down at 
Page 117, for a round Back (or Tun), and let 
Crofs-Diameters be taken in the Middle of every 6, 
7, 8, 9, 10, Sc. Inches of the Altitude BC, be- 


ginning from the Top; that is, let the firſt Croſs- 
Piameters be taken, either at $3" 2.5, 4 4-5, or 


„Sc. Inches from EF, and the ſecond Croſs-Dia- 
meters be taken either ar 9, - 10-54; 12, 19-5, dr 15 
from the Top, and fo on towards C ; then find, 
by the Table, the. Areas in Ale Gallons, correſ- 
ponding to thoſe Cro(s-Diameters, in the ſame 
Manner as is laid down for Wine Areas, Pa. 119; 
| theſe Areas being each multiplied by cheir correſ- 
ponding Parts of the Depth, the Sum of the 
; . e | Products, 


r ͤ Q — 
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Products, together with the Quantity which exa&#ly 


covers the Crown ACD, will be the whole Content 
of the 23 


ExAUr Lx. 


Let BC, the Depth of the Copper (ſee the laſt 
Figure) be 43 Inches, the Croſs-Diameters as be- 
low, and the Quantity of Liquor to cover the 
Crown 38 Ale Gallons; to find its Content in 
Beer Barrels, Firkins, Cc. 


Inches. 1 
98.17 


13 (6.5 from the Top) 97.5 2 . 97.8 

10 (18 from the Top) 95.8 J 96.4 (. . 96.1 Hal the Sum of the 
10 (28 from the Top) 94-3 [) 93-9 . . 94-1 [Croſi - Diameters : 
x0 (38 from the Top) 932 JO 093-99 .. 93.1. 


Therefore, by the Table of Ale (or Beer) 4 Areas, 
&e. the Work will ſtand as follows. 


F | Hear i in Contents in Areas in bieten in 
Inches. Diam, Gal. Gal. B. F. G. Pts. 75 F. G. Pts. 
13 - + 97.8 « . 26.63 - . 346.19, . 0 2 8.63 1 4-19 


10. « 96.1 r 2 7.72. 13 o 5. 20 
10. . 94-I « + 24.66. . 246.60 0 2 6.66 6 3 3.60 
IO « . 93. 1. . 24.13. + 241.30 0 2 6.13 6 2 7.30 
5 To cover the Crown 38 A EY EPs en jo he! 


Dep. 43 The whole Content 1129.29 3 1 4.20 


— — 


| 
[ 
EI 
v4 
* 
a 
! 
{ 
In 
= 
TY. 7 
. 
"= 
wr} 
43H 
25 . 
1 
j 
4 
| 
U 
1 1 
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ATABLE of the preceding Work : The Method 
f forming of which bas already been * at 
Pa. 124. 


nab. IB. F. G.Prs. Inch] B. F. G. Pts 
Fullſzi x 4.29 [250/13 o 8.58 
i.Ar.2 8.63 || 2612 2 1.92 
Df rat} LETRAS 242 27 LI 4 4-20 | 
1130 2 4-06 [28011 o 6.60 
2129 3 5-03 || 29/10 1 8.94 
g15Y. v9 2-40 It 201-9 $3 - 2,29: 
4128 1 5-77 || 211 9 o 4.62 
. 6.14 || 221 8 1 6.96| 
1 a 3 9-51 33] 7 3 0.30 
726 © 6.88 4. Ar. 2 6.13 
825 1 7.258 ——— | 
924 2 7.62347 o 3.17 
1023 3 7-99 [35] 6 1 6.04 
1123 © 8.36 [36 5 2 8.91 
1 13182 1 G73 0 991 5 0 2.985 
1321 3 0.10 || 38] 4 1 5.65 
2. Ar. 2 7.72 30 3 2. 8.52 
ET B404-4 0" 2.30 1 
| 14/21 © 1.38 411-2 1 5:26 
15 20 1 2.66 I} 4.2 I 2 8.13 | 
1619 2 3:94 | 43] x o 2.00 
 17j18 3 5.22 Remains to co- 
1818 o 6.50 [ver tbe Crown. | 
i i919 - x. 7.76 Og 
2016 3 0.06 | | 
21116 o 1.34 | 
2215 1 2.62 || | bs 
23014 2 3.90 | 
; 3.Ar.2 6.66 
| 2413 3 6241 | | 
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PRO. VI. 

T0 find the Content in Ale and Wine Gallons, and 

Mali Buſbels, of a Veſſel (called a Priſmoid) whoſe 


parallel Ends are any diſſimilar Rectangles, and the 
Sides of it are four plane Surfaces. 


GENERAL RULE. 


| To the longeſt (or ſhorteſt) Side of the Rectangle 
at either End, add that Side at the other End 
(whether it be the Length or Breadth) which is 
parallel to it; multiply this Sum by the Sum of the 
other two parallel Dimenſions (viz. one at the Top 
and the other at the Bottom), and to the Product 
add the Areas of the two Ends; this Total being 
multiplied by the Height (or perpendicular Alti- 
tude), and the Product thereof divided by 1692 
for Ale, 1386 for Wine Gallons, and 12902. 3 tor 
Malt Buſhels, gives the Content ſought.“ 


EXAMPLE. = 
| Suppoſe there is a Tun, whoſe parallel Ends are 
Rectangles, the Length and Breadth of the Top 
36 and 32, the Length and Breadth of the Bottom 
(being, in this Cafe, reſpectively parallel to boſe 
above) 48 and 40, and the Height 60 Inches; 
required the Content of the Fun in Ale Gallons, 


OPERATION. 


2 Fs 2 Ps 4 — 2 : * 2 * 22 — L x : W/E. 1 * 


— - — _ — 
p * * x —/ 


There is a very elegant Inveſtigation given in Simpſon's Fluxions, 2d Ed. 
Pa. 179, for determining the Content of a Priſmeid, when the Sides of the 
Rectangle at one End, are lefs than the parallel Sides of the other ; and from 
the fame Method of Reaſoning (ſuppoſing à and b to denote the Length and 
Breadth of the Rectangle at one End, æ and 4 the Sides of the Rectangle at 
the otber, parallel toa and reſpeRively), it will appear that the Theorem 
which that illuſtrious Author has there given is general, let the rectangulat 
Ends be what they will: eee eee eee e | 
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OPERATION. 


The Length at the greater End 48 
The Length at the other End which (in LE. 6 
this Caſe) is parallel to ht above 3 


Sum 84 TH 
| Fhe Sum of the other two parallel ; Wag. 
fions, or Breadths (in this Calc) 


168 
588 5 
Produ n 
The Area of the greater End (4. e. 48 
multiplied by 40) RY br us 
he Ares of the lefſer End 
(i. e. 36 multiplied by 32 512 * 


* 


9 


| Total 9120 
| Multiplied by the Height 60 


53 547200 
. 00(324. 41 Ale Gallons. 


1386)547200.00(394.80 Wine Gallons. 
12902. 5) 547200. 00(42.4 Malt Buſhels. 


Some Authors have aſſerted, that the ſame Rule 


which gives the Content of a Priſmoid, will alſo 


hold good in any ſtraight-ſided Veſſel, whoſe 
parallel Ends are diflimilar Ellipſes, and any- 


how poſited; or if one End is an Ellipſis and the 


other a Circle 1 But! It 1 : ana that — Aſſertion 
is 


: Þ * OT 78 A 
— * * ” - * 1 * + 

* 8 * * 75 1 „ — 4 250 1 N y %. 5 * <0 X *,4 . "+ ft _— py 
Te p 2 * ? * _ 3 1455 * 46... e — 


* Let the Ellipfis ABCD (Fig v1. ) repreſent the Baſe of the Solid, and 
K. alſo let be repreſent a Plane of the 
enn of the Solid, cut any - where parallel te to its Ends: Then, drawing a 
= | Diameter | 


the Circle 4 gf the Top thereo 


* 


* 
N. 


ph 
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is without proper Foundation, and ſeems to have 
ariſen wholly from the following Suppoſition; 
namely, 


A K 


* 


* * 1 _——— ah 


Diameter EF, it is very evident, (becauſe the Sides of the Solid in every 
Plane conceived to paſs through the Centers of the Ellipfis and Circle are 
| Right-lines) that it wil! be, as Be: ed :: EN: mb (:: C: ac :: Dp 
ꝛ fg, &c,) let the Poſition of the Diameter be how it will; or, by Compo- 
fition, Be ed: d:: *Emdmb : mb, Bad: de:: Eb : mb, Now tet 
the given Semi-tranſverſe OC—=a, the Semj-conjugate OB==b, the Radius 
Or, Od, the Abſciſia vaz=x, and the Ordinate mn==y ; Moreover, 
tet Bd be to de (or Eb to mb), in every Poſition of the Diameter EF, as 


1 to n: Then d—x== On, and „ — o; Via +53 


TY r= mb, whence 2 2 1 32: 9 4 — x * + 72 — „ 
"Uk 2 . — = Eb, conſequently 2 . —_ 
_ | | oy — 


+7 = OE; then, by fimilar Triangles, A ( Om ) : 


toe xt 


1 f „ 
x r=m X dx 3 | 
4 S2) 200; again, by ſimilar Triangles, 


VESS_— . „ 
Vial* +y* (Om) (ox) % (wm): 


Vaal — IN 7 


7 — | (== 92 — < — 
A | 4 — A* ＋ pF | | \ © d — | + y* | 
| | | 2 <a 
| _ hut), by the Property of the Ellipſis, EG? (= 5 Xx AO0+0G X 
5 3 EE 3 — 


7 3 A 
AO - OG) = X 22 — a 1 * X 4 — * yo . 


"gp" RR," — —— 3 CT s 
X * l 


-» T___— * 


2 — | — E 


8 
—— 


* 


er 174 32 n 14s" | 
PP x et I ER 
= TL 
| al | the Equation of the Curve beap 3 which, as it returns into itſelf by the 
Nature of the Section, is of the oval Kind, | 


CorobLlany, 
| 1 


Mence/ it appearyz. that, if r == ©, the above Equation becomes _ 


ä 
n 
- v - — * 
pag — 
Gs — — — —— — 


* 
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namely, if in any Priſmoid another ftrait-ſided 
Veſſel (or Solid) be inſcribed, whoſe Ends are Ellipſes, 
the Tranſverſe and conjugate Diameters of each, reſ- 
pectively equal to the Lengths and Breadths of the ſaid 
Priſmoid; that then the & ov parallel to the Ends 


"oF geen * — 


. 3 
a endl = 1 or, by ſubſtituting * for 12 (becauſe, in 


that Caſe, nad, for n: 1: d-: a—7), we ſhay then have = * 


2. 


e neg 42 8 | 2 eee 
41 — d = x|* X 72 — N e X 2dx — x7, anſ- 


wering to the Property of an Ellipſis, and ſimilar to the given One ABCD: 


But if =I, or mn coincides with EG, then d ga, and ,*. the laſt Equation 
I, | > | | | 
becomes y? = * X 2a — *, anſwering to the given Ellipſis ABCD, 


SC cMO LIV M. 


The Nature of the Curve beap, is the very fame as that whien 


may be conceived to be deſcribed about an Ellipſis, ſimilar to the given one 
ABCD, in ſuch a Manner, that the Diſtance between the two Curves, 
| meaſured in the Radius-VeEtor, may every-where be equal to a conſtant 
Quantity: For let OE (Fig. VI.) be = Rand E= Re; then 1: :: 


1 N. „ bn ; *. Ru. (=nR+ I- Xx = Om the 
Radius-Vector; whence it is plain that the firſt Term (AR) expreſſes the 


Radius of an Ellipſis ſimilar to ABCD, and the ſecond Term (1—nXr) isa 
conſtant Quantity: But it may be proved in a general Manner, ſuppoſing two 
concentric Ellipſes deſcribed, having the Difference of the Conjugates equal 


to the Difference of their tranſverſe Diameters, that the Diſtance between 
the two elliptic Arcs, meaſured in any other Diameter, is not equal to the 


Difference of the Semi- conjugates, or Semi-tranſverſes, | 
By the ſame Method of Reaſoning, as in the preceding general Inveſtigation, 
it will be found that the Figu:e of rhe Section, parallel to the Ends of the 
Solid, can never be an Ellipſis, unleſs the ſaid parallel Ends were fimilar 
Ellipſes, and ſimilarly poſited; wiz. the Tranſverſe and conjugate Diameter 
of each End, reſpectively parallel to one another; which Cireumſtance can 


only obtain when the Solid is the Fruſtum of an elliptic Cone: I ſhall only 


farther add, that the Curve (forming the Figure of the Section) will be of 
the ſame Order, whether the Ends of the Solid are diſſimilar Ellipſes, and 
ſimilarly poſited; or ſimilar Ellipſes, and diſſimilarly pofited; wiz. the 
tranſverſe Diameter of one End parallel to the Conjugate of the other: But if 
the parallel Ends of the Solid are diſſimilar Ellipſes, and ſo poſited that neither 
the Tranſverſe nor conjugate Diameter of one End 1s parallel to zhoſe of the 
other End; then the Equation of the Curve, of the forementioned Section 
will be the moſt complex. | PRO op 


multiplied by ! 0022666 
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of ſuch a Solid, will alſo be Ellipſes But, that this 


cannot be the Caſe, the preceding Note will (I maxe 
no Doubt) ſufficiently convince every judicious 
Reader.—It may, however, be proper to obſerve, 
that the Content of a Tun of this Form may be 
obtained with the greateſt Expedition, by the 
general Rule laid down farther on (derived from 
the Method of equidiſtant Ordinates), and the 


Reſult will be ſufficiently exact, if the Section in 
the Middle be conſidered as an Ellipſis: For the 
ſaid Rule is ftrifly true in every ſtrait-ſided Veſſel; 


provided the Meaſure of the two Ends, and that 


of a oy”. Section in the Middle, can be truly 
; determined: — This will be demonſtrated farther 
on. 


Px R O p. VII. 
To find the Content of a re, in Ale and Wine 


Gallons, and Malt Buſpels. 


Ru L x. 


The Cube of the Diameter of the Solan being 
00 18 567 Jfor Ale 

{Wir Gall. pre 
.000243 - Malt Buſh. „„ 

538.58 for Ale Gall. 
vl 441. 1 Wine Gall. 3 will give the Con- 
410%. o. Malt Buſhels CE IC 
tent ſought. 


EXAMPLE 


' Required the Content of a Sphere (in Ale Gal- 


Tons, Sc.) whoſe Diameter is 48 Inches. 


OPERATION, 
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OPERATION, 


The Cube of the Diam. 10592 7 


538.58)1 10592. 0000(205.34 Ale Gallons. 
441.17)110592.0000(250.22 Wine Gallons, 
4107}1 10592,00 (26.92 Malt Bnſhels. 


By the din - kal. 


23.2 
1 1 on D, . 48 on C; then againſt 
64.1 955 
(205.34 
48 on D, we ſhall have Cash 
1 | FED |, - 28 


tents on C. 


Becauſe the Content of every Sphere | is 24s of 
its circumſcribing Cylinder, it is evident that the 
above Multipliers muſt be only Ads of thoſe for 
the Cylinder (ſee Pa. 83), and conſequently the 
Diviſors for the Cylinder, muſt lente be 3ds of 
thoſe for the Sphere, © 


: There 
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| There is another Way (beſides that given above) 
of ſolving this Queſtion by the S/iding-Rule, de- 
duced from Prop. 6, Pa. 50, to which I refer; 
and only obſerve here, that the three given Num- 
bers (in this Caſe) are 


1, 48 and 0018567 for Ale Gallons, 
I, 48 and .002266 | Wine Gallons, 
-1, 48 and .000243 4 Malt Buſhels. 


Dove VIII. 


The 7 ranſuerſe and conjugate Axes of a Spheroid 
being given; to find its Content in Ale Gallons, &c. 
(ſee Def. 29, Pa. 59. 


R u LE. 
Multiply the Square of the Conjugate, by the 
_ tranſverſe Axis; and that Product being multi- 


plied, or divided, as in the laſt Propoſition, ” 
the Content fought, 


Hen 


Let the conjugate Axis of a Spheroid be 24.5 
and the Tranſverſe 38 Inches; required its Content 
in Ale and Wine Gallons, and Malt Buſhels. 


OpEBATIOx. 
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OPERATION. 


24.3 
— 
1225 
980 
OT 
5 The Sq. of the Conjugate 600.2 5 
Tranſverſe 38 
55 
180075 


4 * 4% 2 


638.58) 22809. 5000(42. 35 Ale Gal. 

441.17) 22809. 00008 1.7 W. Gal. 

55 47107) 22809. 50 (5.55 M. Buſh. 

Becauſe every Spheroid is equal to ads of its 

circumſcribing Cylinder; therefore the Method of 
Operation is the fame as that for the Sphere. 


By the Slading-Rule, 
23.2 
To 21.0 f on D, fer 38 on 161 then oppoſite 
64.14 
[42.35] 
24. 5 on D, we thall have 151.7 * above Con- 
5.554 
tent on C. 
Prop. IX. 


T. he Alti tude of the S egment of 4 Sphere, and abe 


Diameter of its Baſe being given; to find its Content 
in Ale Gallons, &c. 


Rurr. 
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R LE. 


5 To the Square of the Altitude of the Segment; 
add three times the Square of half the Diameter 

of its Baſe ; multiply this Sum by the Altitude, 
and the Product being multiplied, or divided, as 

in the preceding Propoſitions, gives the Content 
required.“ 


Ex u L E. 


Suppoſe AB the Altitude of the Segment ACD 
to be 12, and CD the Diameter of the Baſe 32 
Inches; required its Content in Ale and Wine 


Faro: and N 
5 OPERATION, 


* Yet the: Diameter CD (Fe. vn. D a4, p= Liane CE = = x, and 
REE a==x ; then EF (=EDx EC) == ax, "whence the Fluxion of 


the Sue 70 is pars Praa, the Fluent whereof wk — =, 


3 


or px x A =, the Content of the Seginent ron: But, hjoting EF to 


be denoted 5 d, we have, by ſimilar Triangles, a xX M- dz (FC?) x ; 


, 5 a= : which being ſubſtituted E above ); for az we get p 4 


tas T or = X * + 34> od the Solidity of the Segment 


1 236 
FCH; but — = = -5836, *. th, = 538.58, and FE ac =.0018567, 


282 
Q. E. I. 
Conor TA AT. 


Hence, if x be 1 2 4 (= the whole Diameter cb then i is das S0; 
| and Vie above Expreſion becomes Tg- 7 = the Content of the whole 
1 Bot the Content of a Cylinder, whoſe Diameter is. CD and the 
Height CE, is expreſſed by 2 whence it is evident that a Sphere is two- 


thirds of its circumſcribing Cylinder, 
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72 "a rr 5446 6% 7ꝗ0%% ““ po 


==> 
x —— 2 
— 
— 


; | 1.44, 5 19 , 
OPERATION, 0 2 cw WA 
WT 44% Wi K 


The Square of the Altitude 144 
Zz times the Square of (16) the Semi-Baſe 768 


Som 912 
Altitude 12 


—— 


— ; 


ks 


| 10944 
538.58) 0944. 0000(20. 32 Ale Gallons. 


441. 17) 10944. 0000024. 890 Wine Gallons. 
4107 1004S: 0000(2.66 Malt Buſhels. 


3 1 


E toþ and bottom Dianators and the Altitude 
of the) Fruſtum of a Sphere being goes: z to fd its 
Content in Ale Gallons, &c. 


Ru E. 

To half the Sum of the Squares of the top and 
bottom Diameters, add ds of the Square of the Al- 
titude ; this Sum being multiplied by the Altitude, 
and the Product divided by 359, 294, and 2738, 
will give the. Content in Ale and Wine Gallons, 
and Malt Buſhels 1 | EY 

T '*:. Note. 


** — 


— X — 


* This Rule is very elegantly inveſtigate in Simpſen' $ Fluxions, uf E 4. . 
Pa, 21 Y; 
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Note. This Rule is of great Uſe, in gauging 


of the globical Part of a Still, as will we” 9 
farther on. 


Ti * 
* 


Ex AU I f. 


It the bottom Diameter CD (ſee the wading 
Figure) be 34, the top Diameter EF 16.5, and 
the Altitude BM 7.2 Inches; to find the Content 
of the F cuſtum CEF in Ale Gallons, Cc. 


OrxRArrox. 


; Bottom. Diam 34 Top-Diam. 16. SF, © 8 = th 


34 Ge 
"30 325 144 
107 990 | 504 

1156 | 1 51.84 
272.25 2 

1156 1 | 

— — 103. 68 

The Sum of the Squares of? — — . 
the top and bottom Diam. 8 8 34.386 


Half of which is TY 
2s of the Square of 7.2 ii 34-50 


* 
| ANGIE my 
1497370 

3340795 


Product 5390. 5320 
| -359)5390. 5016 01 Ale Gallons. 

294)5390.53(18.33 Wine Gallons. 
| 2738)5390- 05 90 Malt Buſhels, 


Proe. 
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PRO r. XI. 


be tranſverſe and conjugate Ares of a Spberoid 
being given, and alſo the Height of a Segment there- 


of, to find its Content in wy ata &c. (/ee Def. 

32, Pa. 60.) P 
'R UL E. . 

„ wÞ 

Divide the Product, contained under the conju- 
gate Axis and the Altitude of the Segment, by 
the tranſverſe Axis, multiply the Square of 
that Quotient by the Difference between three 
times the tranſverſe Axis and twice the Altitude 
of the Segment; this Product being multiplied, 


or divided, as in the Sphere (Pa. 1 32), gives the 
Content ſought.* 


EXAMPLE, 


- Suppoſe the tranſverſe Axis AB of a 8 beni 
to be 8o, the Conjugate CD 60, and the Ae 


1 2 155 


W 


— 
mented 


— 


* It ;; is proved, by the Writers on |; OM TIO if the Diameter (or Axis) 
about which the Spheroid is ſuppoſed to be generated, be put = a, the other 
Diameter == = 6, and p = 3. 1416, that the Meaſure of a Segment, whoſe 


| 5² Ra 3 
Altitude | is e, will be expreſſed we = * _ — . — x | 
Dx | Rs 5 4 52 246 | | 
= * Za—2x 7 But Z-= 5336; .and — = 018567; there- | 
ͥͤ A | 
fore 0013567 x — x ax MEETS ) will expreſs 
838.58 


the Meaſure of a Segment in Ale Gallons, Q. E I, 


ConoLLARY, 


If x be taken ga, we ſhall have. 018 57 X ab? for the Meaſure of the 
whole Spheroid, which is two-thirds of 0027851 x abz, the Meaſure of a 
Cylinder (in Ale Gallons) whoſe Diameter is 92 and Altitude a, 


* 2 


ä — — — 


Alt. 8h 16 


Multiply by the 5g of 12 (found above) 144 
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By, of the Segment 4B, to be 16 Inches; requi- 


red its Content in Ale and Wine Gallons, and 
Malt Buſhelss. 


OrrRATIOx. 


Conjugate 60 


300960012 
500 
160 

160 


Three times s AB i is 240 
Twice By i is Fn 


Difference 208 


832 75 
832 
298 | 


Product is is 2995 52 


ot 58) 299 52. 0000 55.61 Ale Gallons. 
441-17)29952.0000(67.91 Wine Gallons. 
410729952 .00 (7.29 Malt Buſhels. 
PR O p. XII. 


7 1 Altitude, and the Diameter of 52 Baſe of G 


parabolic Conoid being given; to find its Content i, __—— 
Ale Gallons, &c. ( ſee Def. 30, Pa, 59.) 


Rur x. 


Secrt. VIII. G AU 61 N G. 144 
Ru L x. 


The Square of the Diameter of the Baſe, being 
multiplied by half the Altitude; and the Product 
divided by 359, 294, and 2738, gives the Con- 


tent in Ale and Wine Gallons, and Malt Buſhels 
reſpectively. 


EXAMPLE. 


Suppoſe the Diameter of the Baſe to be 68. 52 


and this Altitude 42 Inches; required the Content 
in Ale Gallons, ©. 5 Aa 


OPERATION, 


68.5 
68.5 
3425 
5480 
4110 


The Square of the Diam. 4692. 25 
= the Altitude . — 21 


1 


469225 
938450 


359)98537-25(274-47 Ale Gal. 
294 )98537.25(335.16 W. Gal. 
738098557 25(35-98 M. Buſhels. 


PRO. XIII. 


The top and Jebel Diameters, and the Altitude of 
the Fruſtum of a parabolic Conoid being gruen 3 z Fo 
find its Content in Ale Gallons, &c. 


Rur. 
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The Sum of the Squares of the top and bottom 


Diameters being multiplied by half the given Al- 


titude, and the Product divided by 339, 294, and 
2738, gives the Content in Ale and Wine Gallons, 


and Malt Buſhels reſpectively. 


Kzindts 


Let the greater Diameter of the Fruſtum of 2 
parabolic Conoid be 45, the leſſer Diameter 27, 
and the Altitude 40 Inches ; what 15 the Content 
thereof ; in Ale Gallons, Ec. 


 OyzrAaTION, 
„„ 


+ 27 
2256 189 
20 54 
26836 79 
3 


The Sum of the Squares 
of the Diameters | ? 2754 
3 the Altitude 20 


5500 5 


359)55080.00(1 53. 42 Ale Gallons. 
294)55080.00(187.34 Wine Gallons. 
2738)55080. 00(20.11 M alt Buſhels. 


* 
"I; 

* . 
1 
92 rf, 


Cock; upon O, the 


Dent made by the 
plüy the Sliding- Piece „. = ol 5 


| cular Diſtances An X 5 
and Du may be equal to each other, and let Marks 
be made at 1 and s, as already deſcribed in the 

Gauging of a Copper, Pa. 125; then lay a ſtrait 
Rule (or Rod LL) diametrically over the Top 

of the Collar of the Still, and with the End of 

the Dimenſion-Cane on the' Center O, find the 
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To take the Dimenſions of a STILL, and to find its 
Content in Wine Gallons; and alſo a Method for ta- 
bulating the ſame, to every Inch of its whole Depih. 


Suppoſe ABCDO 
to repreſent a Still, 
when fixed, and A 
the Place of the 


Center of the Crown, 
(which is eaſily diſ- 
tinguiſhed, by a ſmall 


Copper-Smith), ap- 


ſo that the perpendi- 


De, 
4 


neareſt Diſtance to the ſaid Rule LL, and that 


Diſtance (viz. 40) will be the whole Length, from 
which, the Depth of the Collar being ſubtracted, 


we ſhall obtain PO the internal Length of the 


Still: Now, the Dimenſion-Cane being kept exact- 
ly in the Poſition 20, with the Help of your 


Aſſiſtant, let the Plumb-Line be extended as a Dia- 


meter IK, exactly at the Seam which is formed by 
joining the globical Part to the Body of the Still; 
and meaſure the Diſtance MO, which being taken 
. from the whole internal Length PO, leaves PM 
the Altitude of the globical Part IEFK. 


Quarter 
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Quarter the Still at the Bottom, and alſo 


at the Altitude OM, by the Method laid down 
(Pa. 1 17) for a circular Veſſel; then in Order 


to draw four chalk Lines up the Sides of 


the Still, ſo that it may be every-where truly 


quartered, proceed thus: Stick a ſmall Piece of 
lighted Candle at n, the Center of the Crown, 


and let the Still be darkened at the Top; then a 


Piece of Pack-thread (or the Plumb-Line) being 
extended from r to I, will form a Shadow on 
the Side of the Still, along which draw a chalk 


Line: — Proceed in the very ſame Manner for 
the other three Lines. 


Loet Croſs-Diameters be taken in the Middle of 


every 6, 7, 8, 9, or 10, Sc. Inches, more or 
leſs, according as the Body of the Still differs, 


leſs'or more, from a cylindrical Form; then find 
the Areas in Wine Gallons: correſponding to theſe 
Diameters, multiply. the Sum of the Areas by 
their common Diſtance afunder (ſee Pa. 116), 


and the Product will give the Content of the 
Body of the Still IK,; to which add the Content 


of the globical Part IEF K (found by Prop. 10. 
Pa. 137), and allo the Quantity which exa#ly 
covers the Crown, and we ſhall then obtain the 


whole Content of the Still AEFDO. 


Note. It will always be proper to take an even 


Number of Areas in every Veſſel, whole greateſt 


Diameter 1s at the Middle of its Length, ſuch as 


Caſts, Stills, &c. otherwiſe one of the Dimenſions 


will fall in the Middle, by which Means ſuch Veſſels | 


would be E 


BY 1 
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Note. I cannot but acknowledge my Obligations 
to Mr. Thomas Stephens,“ General Surveyor of the 
1 5 tony Diſtillery, for the above Method of draw- 
ing the four chalk Lines up the Sides of the Sill; 
and alſo for communitating to me, ſome uſeful ant 
ingenious Hints, relative to taking the Dimenſic 2 
of this, and other Veſſels. | 

1 the Altitude PM of the globular Part (bee 
the preceding Figure) be 9 Inches, and let the 
Croſs-Diameters at the Top and Bottom of the 
faid globular Part, and alſo 759/e taken in the ony 
of the Still be as follow. 


| Derib. Croſs- Diameters, : Gallons, 
1 | 5 27.0. . 27.0 J Content of the gl>bular Part, 
* * 2 56.3 + . 56.2 5 found by Prop, 10. Pa. 137, 2 61.21 


| | Arras. 
„ ee WL > OR EEO REPETER 108.99 
. » en 13-88: » „140 
FF + oe So: ir tao. 
18 6K. 1 5 62. * . . 3-99 * . * 0 148.29 
| 55 x 0 cover r the Crown 36.00 
b. *, 46. 0 FR | e e 
n The whale Content 605.86 
1 55 | W. Gallons, 
Groſs Depth 49.3 
Collar 3.2 
Whole Depth 46. "3 
im of the globical Part 9-0 
| Depth of the Body 37.6 5 
Crown 36 Gallons,” 8 
we The 


. 4 — „ 
r 


+ | The Sg Pies (Pa. 143s contrived by this Gentleman Y is very 
uſeful in taking the Croſs-Diameters of a Copper, or Still: It confiſts of two 
Rods ſliding one by the other, in the ſame Manner as a Pair of Calipers, 
and when drawn out its full Length (fee Fig, VIII. in the Plate) is 62 Inches; 
on one Side are graduated Inches and Tenths, and on another are the cor- 
\ reſponding Wine Areas; at about one and two Inches from each End (more 
or leſs, according to the Size of . ſuch Inſtrument) are two equal ſquare Holes, 
to which are fitted two ſmall Pieces to ſlide therein, marked with Inches and 
Tenths from the Bottom (ſee the Figure) ; theſe ſerve to take a true Diame- 

ter N 5 the ee of the roms as rs (#8 the Fig · Pa. 143.) 


meter and the Center of the Sphere;“ the Square 
| ET EEE. of 
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The Method of tabulating the Body of a Still 
(or indeed any Veſſel which is ſuppoſed to have one 


common Area, or a certain Number of different 


ones) is the very ſame as that given for a Diſtiller's 
Waſh-B8ack, Pa. 119, to which it may be proper 


to refer. — But to determine the rue Quantity 
upon every Inch of the globular Part, we muſt 


previouſly find the Square of the Semi-diameter of 


that Sphere to which the ſaid globular Part correſ. 
ponds; in Order thereto, obſerve the following 
general ; 


RUE. 


Divide the Difference of the Squares of half the 
top and bottom Diameters by twice the Altitude 


of the Fruſtum, from the Quotient ſubtract half 
the ſaid Altitude, and the Remainder will be the 


Diſtance between the Middle of the greater Dia- 


LEM MA. 


If the Terms of any arithmitical Progreſſion ( either aſcending or deſcending ) be 
ſquared, and diſpoſed of in à Series; then will the Differences of every tavs 


adjacent Terms of that Series, form another ærithmetical Progreſſion, whereof the 
tommon Difference will be expreſſed by twice the Square of the common Difference 


of the firft Progreſſion, 


| For any arithmetical Progreſſion, whoſe firſt Term is 5 and the common 
Difference rn, will be exprefled by m, + min, Tun Taz; mtr, 


Auna, + &c. whereof the Square of each Term is, m*, Tm Tams 


＋ „*, Tm Am-＋ Au, Tum nz, Tun 167, + Se. 
therefore | | „ 


The Differences of the two adjacent Terms will form the following Series, 


wit. Tzu, Kann ＋zuz, amn 5, t2mn+qn, + Oc. the 
_ eommoa Difference of which, is evidently 282. Q FE. J. 


ConOolLLARkY. 


8.942 
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of which being added to the Square of half the 
greater Diameter, gives the Square of the Semi- 
diameter of the Globe ſought. (See the following 
Figure.) | ö | 
In the preceding Example EP (or PF) is 13.5 
— 41 


675 
405 
135 
The Square of + the top Diameter 182.25 
IM (or MK) is 28.125 and twice PM is 18. 


A—— 


28.125 8 
140625 
56250 
28125 
225000 
36250 
The Sq. of ay LES 
che bott. Diam. 797215925 | 
182235 Nees 
18)608.765625(33-82 _ 
4.5 1 PM, 
Add PM 9g.oo 
Gives PO 38.32 1 8 
| Then 


2 


—— 


. ee — a 9 ” = —— = — — — ——k — : 


Ef CoROLLARY., Ns | | 
ff, inſtead of the Differences of the adjacent Terms of the iſt Progreſſion, 
we diſpoſe of the Differences of the iſt and 3d, the 2d and 4th, the 4d and 
sth, the 4th and, 6th, Cc. Terms into a Series, we ſhall then have 
S+4amn+4n, Tau-, tamnizn, Amn 1617, Cc. the common 
Difference whereof (inſtead of 22) is manifeſtly 32; that is, four times 
the Square of the common Difference of the firſt Progreflion, | 
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Then the Square of 29.32 (MO) is 859.6624 
Add the Square of 28.125 (KM) 791.0156 


Gives the Sq. of the Semi- diam. OK (OI) 1630.67 80 


Having ob- K ©:-..Þ 
tained the Square — — 
of the Semi- di- 4 I 
ameter of the eme 
Sphere, whereot 1 "$M YO 
the Segment I >... 
FK is a Part; TE Gan FR 
then, in Order to e 
inch it down, ob. 0 
ſerve the following Method. 

1. Lo halt the Square of the leſſer Diameter 
EF, add twice the Difference between the Square 
of the Semi-diameter OK, and the Square of On 
| (viz. PO leſſened by one Inch), to this Sum add 
6666 Sc. (i. e. 5); multiply this laſt Sum by 
0034, and the Product will be the true Content of 
the firſt Inch, in Wine Gallons. 
2. From the Square. of the Seml-diameter OK 
ſubtract the Square of Or (viz. PO leis two 
Inches), and from twice the Remainder take half 
the Square of the top Diameter EF, multiply the 
| Remainder by. 034; then add this Product to the 
Quantity upon the 1ſt Inch (found as above), the 
Sum will give the true Meaſure of the 2d Inch. 
3. Let the laſt mentioned Produ# be reſerved, 
from which take ,0272,+ reſerving the Difference, 


* 
5 
* 
; 
; 
2 
* 
* 
* 
17 
*, 


5 — ̃ — 4 


— — 


% 


a 4 
" 


8 an bug 7 - 5 21 1 25 th 105 5 th HOW 
F Let IabR { Fig. IX.) repreſent the Fruſtum of a Sphere, O its Cen- 
ter 5 draw OM perpendicular to ab ; take Mm. =I, Mr= 2, MS= 9 


2 
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which being added to the Quantity contained in 
the 2d Inch (found as above), gives the Quantity 
for the 3d Inch: Again, from the reſerved Diffe- 
rence take . 0272, add the Remainder to the 3d 
Inch, the Sum will give the Quantity for the 4th 
Inch; proceed in the ſame Manner to find the 
Quantity for the 5th, 6th, 7th, Sc. to the laſt 
Inch of the globular Part. See the following 


OPERATION. 


-—__— — 


1 


Me r 2 Inches: Then (by Prop. 10) the Meaſure, in Wine Gallons, 
of the iſt, 2d, 3d, and qth, Sc. Inch from the Top is expreſſed by 


— + — + .6666 X oog. 


— 


r f 
CA — + .6666 X . 0034. 


2 
2 


_—_ = | 


4 — 


75 #2 162 * 5 
2 - + _ 6666 X ,0034, 


Se. 


Hence it appears, that the accurate Increaſes of the 2d Area (ecdf) from 
the 1ſt, the zd from the 2d, and the 4th from the 3d Area, Sc, are reſ- 

ectively equal to the Increaſes of half the Square of the 3d Diameter (ef) 
e the 1ſt (40, the 4th (gh) from the 24 (cof), and the 5th (ik) from 
half the Square of the 3d ef); or, which is the ſame Thing, the Increaſes 
of the2d Area from the 1ſt, the 3d from the 2d, the 4th from the 3d, Sc. 
are equal to the Decreaſes of 207? from 20, 2042 from 20h, &c, Now, 


2 


by the preceding Corollary, 20M*—2 X OM — 205 leſi 2 X OM — 2 PR 
2 X OM ba is== 8 (becauſe n, in this Caſe, = 2, a 2X 28); 


.conſequently the Difference between 2 X OMz — Or? and 2 * OM? — 6, 


or (which is ſtill the ſame) the Difference between 2 X rf 2 — Me 
2 4 —— da 
(>——) and2x 57 — ma? (> — =) = 8: Which 
8 2 2 3 | 
being multiplied by .0034 (in Order to reduce it to Wine Meaſure), gives 
+0272, the common Addend, or Subtrahend, according as we begin to inch 
the Fruſtum, at its greater or leſſer End, Q. E. I. | 
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Half the Square of 27 (the leſſer Dine 
— > - 364-5 


9 


The Square of the Semi- diameter y 
OK (found above) is c ; 650. 6780 
The Square of 37. 32 (Om) is 1392. 7824 


„Difference 237. 8956 
N WM Tee M 


515. 7912 
Add d 364.5 


e 380.2912 
Add 26666 


880 9578 
Multiplied by ©, 0034 


45225975 
| 26428734 


_ Gives the true Quantity, for the? 
it Inch from the Top 8 


2.9952 5652 
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** * 


** — Dy - 
it. 


6 
hin, 


4 


The Sq 
(found above) is 


G 
of the 
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151 
* 160.6780 = 


Sub. the Squ. of 36.32 (Or) 1319. 1424 


Remainder 331. 5356 


The Double of which is 66 3.0712 
Subtr. ; the Square of 27 (EF) 364.5 
Remainder 298.5712 
| „„ 
1 19428 I 
3 
Reſerved Produ 1.01 5138 add tothe 
Subtract . 272 Liſt Inch. 
Inch. 17 Gallons. Refarved Dif. .9879 add to the 
12.9932 Subtract 27 2d Inch. 
Add 1. 0131 8 1 
9 9607 add to the 
eee, Sub. 9272 30 lach 
1 8 4.9982 = 9335 as Of MW 
Add .9607 Sub. .0272 
4 5.9589 „ 
Add 93330 9063 
5 Glou4 Sub. 0 
bu Add +9063] 7 
E 4567 Sub. . 0272 
Add . 8791 ———— 
5 851 
7 'K 6778] „ 
| Add .8519] Sub. 0272 
8] 9.5297 8247 
Add 824% 1 
10.3544 


It 
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It muſt be allowed that, in the preceding Method 
of gauging a Still, a very ſmall Error may ariſe, 
on Account of a little Inclination which is uſually 
given to it, when fixed, as was obſerved in Pa. 
124: Nor indeed is there any Method for 
gauging an inclined Still, that I know of, but 
what is liable to ſome Objection. For, even ſup- 
poſing we take the Croſs-Diameters parallel to the 
Horizon, and conſider the Surface of the Liquor, 
in any Part of the Body of the Still, to form an 
Ellipſis (inſtead of a Circle), we ſhall then find 
4 the Content of the globular Part of the Still 
cannot be truly determined by the general Rule 
given for that Purpoſe: Beſides, the Line PO (ſee 
the Fig. Pa. 143) will not, in that Caſe, be the 
..true Depth of the Still; for that will be repreſented 
by the perpendicular Diſtance of two horizontal 
Planes, one paſſing through the higheſt Point in 
the Crown, and the other through the loweſt Point 
at the Top of the Still; which Dimenſion, though 
differing but very little from the Diſtance PO 
(vid. Fig. Pa. 143), our to be truly known 
but that, indeed, would be very difficult (if not 
impracticable, ) to effect. 

It may be proper to obſcrve, that, in tabulating 
the whole Content of a Still, much Labour will 
be avoided, if the Altitude of the globular Part be 
taken a whole Number, and the Decimal Parts 
if any happen in the whole Depth) be conſidered 
in the bottom Area: See Pa. 145. 

Some Authors conſider the riſing Crown of a 

Copper, or Still, in the Form of the Segment of 4 

Sphere, and alſo. the Part ArOsDA (lee the Fig. 
Pa. 143) as the Fruſtum of a Parabolic Conoid or 
Cone; and therefore the Quantity of Liquor to 
cover the Crown will then be determined by the 


foregoing 
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foregoing Prop. viz. by ſubtrafting the Meaſure 
of the Part AODA from that of ArOS DA: — But, 
on Account of the Difficulty of obtaining the true 
Diameter and Altitude of the Crown (even ad- 
mitting the two Figures to be as above repreſented), 
I apprehend that hat Quantity may be found, with 
much more Certainty and Expedition, by covering 
(as exact as poſſible) the higheſt Point of the 
Crown with Water, and then, carefully drawing 
off the ſame, into a Veſſel whole Meaſure is zruly 
known. „ 
Note. It very frequently happens the Depth 
(or Altitude) of a Veſſel is ſuch, that the Croſs- 
Diameters, Sc. cannot all be taken at equal Diſ- 
tances from each other; or, which comes to the 
ſame, the ſaid Depth cannot be divided, without 
a Remainder, by the Number of Areas neceſſary 
(and ſufficient) to be taken: In that Circum- 
ſtance, I apprehend, it will be the beſt Way to 
_ conſider ſuch Remainder in the uppermoſt Area, 
as that Part of the Veſſel will be the leaft ſubject to 
cauſe an Error, in any Charge which may ariſe 
from it; not only becauſe the Surface of the Li- 
quor ſeldom reaches that Area, but alſo becauſe 
ſtrait-ſided Veſſels (as Guile-Tuns, Waſh-Backs, 
Sc.) generally ſtand upon their greater Ends: See 


Pa. 119. ; 


X SECTION 
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SECTION IX. 


Or Casx-GavoelInG _ 

T has been a general Cuſtom, with Akon on 
1 this Subject, to include among the Varieties 
of Caſks, thoſe of the following Denominations; 
namely, the Fruſtums of two Parabolic Conoids, 
and Cones, each of theſe abutting (as it is uſually 
termed) upon one common Baſle. 
But it is weil known, from common Experience, 
that every cloſe Caſk, whether Pipe, Butt, Hogs- 
Head, &c. and of what Variety ſoever, is always 
found to have a Continuity of Curvature at the 
Bulge, and not to form there an Angle (or ſharp | 
Ridge), which will be actually the Caſe, if we 
conceive a Caſk to be formed either of two Fruſ- 
tums of Parabolic (or Hyperbolic) Conoids, or the 
Fruſtums of two Cones : Therefore, as no ſuch 
Caſks as theſe are ever made, it cannot, I preſume, 
be deemed a Crime to expunge thoſe two Varieties; 
as they have hitherto only embarraſſed the Subject, 
puzzled the Learner, and even rendered every Per- 
ſon, concerned in Caſk- Gauging, more liable to 
fall into Error. 

There is another conſiderable Imperfection in 

this Branch of Gauging, of which it may be pro- 
Per to take Notice. 

It has been aſſerted by many Authors, who have 
treated on this Subject, that there is no Rule, or 
Method, can be given, whereby a Perſon can, with 
any Degree of Certainty, determine the Variety of 
the Calk; that is, whether a Caſk is in the Form 


of 


JJ 


of the Middle Fruſtum of a Spheroid, Parabolic 
Spindle, or Hyperbolic Spindle. 

It is true, indeed, no Rules can be given for 
determining the exact Form, or Variety, of the 
Caſk; yet I preſume thoſe- which I am going to 
offer, if duly attended to, will be found of lin- 
gular Uſe, as they will readily diſcover to us, 
What Variety any Caſk, very near, approaches to; 
that is, whether the Caſk may be taken as the 
Middle Fruſtum of a Spheroid, or of a Parabolic 
or a Hyperbolic Spindle. 

Some Authors direct us to judge from Expe- 
rience of the Variety of the Caſk : Others divide 
the Difference between the ſpheroidical Caſk, and 
that compoſed of the Fruſtums of two Cones, 
into three, or four, equal Parts; and then attempt 
to lay down Rules for s theſe different 
Varieties. 

But (even admitting it poſſible that a cloſe Caſk 
could be formed of the Fruſtums of two Cones) 
theſe Rules appear to be arbitrary, and to have no 
Foundation in Science; and likewiſe ſeem to be 
derived from a Suppoſition that all ſpheroidical 
Caſks are the Middle Fruſtums of ſuch Spheroids, 
| whoſe Tranſverſe and conjugate Axes are in ſome 
conſtant Proportion; or, which amounts to the 
ſame, that every ſpheroidical Caſk has the ſame. 
Degree of Curvature ; but a very ſmall Knowledge 
in Conic Sections will be ſufficient to convince any 
One, that there are a vaſt Number of different 
Forms of Ellipſes, and conſequently Spheroids : 
I thought it would not be improper to mention 
this laſt Circumſtance, in Order to rectify an Error 
which ſome are apt to fall into, by imagining thoſe 
Caſks are not of a ſpheroidical Form, which appear 
to have but little Curvature, or whoſe Bung and 
Head Diameters are nearly equal to each other. 


X 2 3 
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Although it may be ſaid, that the following 
Method is too tedious for ordinary Practice, or 
for the Officer to aſcertain by it, the Variety of all 
the different Caſks which daily fall under his Inſpec- 
tion; yet I dare venture to affirm, that whoever 
will take the Pains to make themſelves acquainted 
with the following Directions, will not only be able 
to diſtinguiſh, very nearly, the true Variety of the 
Caſk; but will, moreover, have a better Idea of 
it, even by laſpection, than by any Method hither- 
to delivered for that Purpoſe. 
The different Forms of Caſks, with Regard to 
Curvature, may be juſtly comprehended under 
theſe four Denominations : 
Viz. The [ Elliptic Spindle. 9— 
Middle | Spheroid . . . . Iiſt Variety. 
Fruſtum 1 Parabolic Spindle 10 Variety. 

of the AHperbolic Spindle ] 3d Variety. 

But as it very ſeldom (if ever) happens, that a 
cloſe Caſk is found to contain more than the Mid- 
dle Fruſtum of a Spheroid; it will therefore be 
unneceſſary to give any Examples of the elliptic 
| Spindle: — And I have purpoſely omitted the cir- 
cular Spindle, on Account of the near Affinity it 
bears to the ſpheroidical Caſk; beſides, the Rule 
for determining its Content is far too intricate for 


h Ule. 


To take the Dien ons of a 1 Caſ; and an 
expeditious, general, Method of determining, very 
 Rearly, the true n thereof. 


Let AEFBDCA repreſent a Caſk ſtanding upon 
one Head, with its Axis (or) perpendicular to 
tbe Horizon: — Firſt take with your Rule the 
Diſtance from the Inſide of the Chime (cloſe to 
the Head) to the Middle of the flope Edge (or 


Thicknels) 
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Thickneſs) of the op- — G E IM, Q 
poſite Staff; that Di- P 
tance will meaſure the 
Head-Diameter within 
the Caſk, very nearly. 
Thea lay any ſtrait JI 
Rule (or Rod PQ) on Af: 
the Top of the Caſk, (= 
paſſing over the Center 
(s) of the Head, and 
let a Plumb-line, with a 
Nooſe at one End, be 2 9 1 
flid backward and for- g YE rr rn got 
ward on the Rod (PQ), 7 : 
till it juſt touches the Bulge of he Catk at A 
meaſure, carefully, the Diſtances from the Nooſe 
(G) to the out- ſide of each Chime at E and F, 
and from their Sum (viz. the Sum of GF and 
_ GE) take twice the Thickneſs of a Staft at the 
| Bulge of the Caſk (as your Judgment directs, ac- © 
_ cording to the Size of he Caſk) and the Difference 
(AB) will be the Bung-Diameter required. 

It is unneceſſary to give any Directions for taking 
the Length of a Caſk in this Poſition, ſuppoſing 
there to be a Hole in the top Head. 

But, to determine the Variety of the Caſk, 
proceed thus: — Let æth of the internal Length 
of the Caſk be ſet off, from the Bulge (A) towards 
either Head, on the Plumb-Line (GAW), or 
rather, upon any ftrait Rod, placed exactly 
in that Poſition; that is, let Am be equal to 
zth of the internal Length of the Caſk : Then 

if the perpendicular Diſtance (mn) from the Rod 
to the Caſk, be equal to th of the Difference 
between the Bung and Head Diameters, the Caſk 
is then mn near (if not exactly ) the 

Form 
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Form of the Middle Fruſtum of a Parabolic 
Spindle :* But if it be leſs than 4th of the Diffe- 
rence of the Bung and Head Diameters ; the Caſk 
will be greater than the Middle Fruſtum of a Para- 
Bolic & S nale, and therefore may be taken as a 
ſpheroidical Caſk : And if the ſaid Diſtance (mn) is 
greater than zth of the Difference of the ſaid 
Diameters; ne — . then leſs than a 
Farabolie 


eng. 


1E 1. N 


* In every vat Parabola ( pig. X.) #f any 720 . be Sown | 
parallel to each ther and perpendicular to the Axis C, and fo that one AE may. 
be the Double of the other Hh; then will one = Ja CE, be _—_ ”—_ to 
Four times the other Abſcifja Cb. | 


For, by the Property of the Curve, Ch : CE :: Hat = As; but, - by 
Hypotheſis, AE = 2H+>; . AE? * conſequently Ch : CE Th 
Hb: : 4Hþ2) 3+ 8 4+ 0 E. I. # 


124 22 


+ Ia every Elli 2 c Fig. XI.) if any two Ordinates be drawn . to 
the tranſwerſe Axis, and in ſuch a Manner, that one EF, may be juſt the Double 
F the other H; then, I ſay that the greater Abſeiſſa CF, will be, always, 
more than four Times the le fer Abſciſſa Ch, 


Let the n and conjugate Dianicters: of any \Ellipfis, be denoted 
by m and n reſpeCtively ; alſo let Ch & and CF == y; then, by the 


Pioperty of the Curve, we have nx—x2 * — = Hb, and alſo ; ny — * 


x NY = EF2 ; but, by Hyprtbefs, EF aH; . EF3= qH6?, and 
therefore 2 - =ny—y*: Hence it is very plain, that if y be taken 

equal to (or leſs than) 4x, the above Equation is impoſſible ; for it becomes 
(by ſubſtituting 4« for 5) 4nx—qx>== 4nx—16x%, or x==2x, which is 
ebfurd; but if, inſtead of y, dx be wrote in the above general Equation, 
ſuppoſing d to teoreſent any Number (whole or broken) greater than 4; 
then the ſaid Equation becomes a poſſible One, from whence the Value of x 
(and that of y) may be determined. Q. E. I. | 
Hence it appears, that the above Property obtains in a Circle ; that is, 
if in any Circle, two parallel Chords be ſo drawn, that one is the 
Double of the other ; then the verſed Sine of the greater Segment, will 
always be more than four times the verſed Sine of the Leſſer: The Truth 


of which may be, eafily, made ovt, from a Confideration independend. 
of [RITES 
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Parabolic Spindle, F may be conſidered of the 3d 
Variety, or the Middle Fruſtum of an hyperbolic 
Spindle. | | 


To take the Dimenſions, &c. of a Hing 
e N 5 


Let ACDBFEA repreſent a Caſk lying with 
its Axis parallel to the Horizon : — The Head 
and Bung Diameters are here obtained in the ſame 
Manner, as the Head Diameter and the Length were 
in the ſtanding Caſk before- mentioned. 

The moſt expeditious Way of taking the Length 
is, with a Pair of Calipers; but as it cannot be 
expected that every One, concerned in the Art of 
Gauging, is furniſhed with this Inſtrument ; I ſhall 
therefore lay down the following Method. 


Apply any ſtrait Rod (PQ) to the Bulge of 
the Caſk, in ſuch a Poſition, that a Plumb- Line, 
5 5 | being 


8 : . * 


LEMMA 3. 
1 oo Ordinates (Hg. XII.) be drawn in any Hyperbola, perpendicular 
to the Axis CQ, ſo that the one EG, may be juſs the Double of the other eh; 
then vill the leſſer Abſciſſa Ch, be always more than 5th of the greater Abſciſſa 
CG, ard leſs than one half thereof, 8 3 
Let the tranſverſe and conjugate Diameters of any Hyperbola, be denoted 
by mand n reſpectively; alſo let Ch. x, and CG==y ; then, by the Property 


| 8 2 2 
ef the Curve, we have mx+x* X _— = eb, and likewiſe y- Y Xx 


17 | | NEST | | | EL 

—= EG; but, Ey Hypotheſis, EG = 20h; . EG 453, conſe- 
guently my-+y*=qmxr+4x* : Hence it is evident, if, inſtead of y, there be 
wrote dx, (for 1: d:: x: y), the above general Equation becomes 
4X TEA == dux-TECdzæz, or am TA = dm+d* x, whence * == =; 
hence the Value of x may be found, provided d repreſents any Number, 
(whole or broken) lefs than 4 and greater than 2; otherwiſe, it is very 
plain, the Equation would be ab/urd ; Hence alſo the Truth of the Tema js 
manifeſt. Q. F. I. | g 
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being ſuſpended on the Rod, may paſs over (p) the 
Center of the Head, and obſerve to keep the Rod 
equally diſtant from each Chime of the Caſk + 
This done, and the Rod being kept exactly in this 


Poſition, lay a ſtrait Rule acroſs each End of the 


Caſk, to meet the top Rod in R and S; then let 
the Diſtance RS be carefully meaſured, from which 
ſubtract the Depths of each Chime, together with 
the Thickneſs of the Heads (as your Judgment 
directs), the Remainder will be the internal Length 


of the Caſk. 
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The Variety of the Caſk may be obtained, by mea- 
ſuring the perpendicular Diſtance n, and proceed- 
ing in the very ſame Manner, as above directed. 

Though it is demonſtrable the Property of every 


ſpheroidical Caſk is ſuch that the Diſtance mn (ſee 


the Figure) may be any Quantity leſs than zth of 
the Difference between the Bung and Head Dia- 
meters; nevertheleſs, as various Curves may be 


_ deſcribed through the ſame three Points, this Pro- 


perty may hold good (with Regard to thoſe Points), 


and yet the Caſk may, perhaps, be a ſmall Matter 
either greater or leſs, than the Middle Fruſtum 


of a Spheroid; in which Form it may, however, 
always be taken, under the above Circumſlance, 
without ſenſible Error: — The ſame is to be ob- 


ſerved, with Reſpect to the other two Varieties. 


Perhaps 
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Perhaps, ſome Readers may look upon this 
Method of determining the Varieties of Caſks, 
as a Matter of Speculation only, and not to be 
regarded in Practice ; but, I apprehend, its Uti- 
lity will ſo remarkably appear, in the following 
Examples, particularly in finding the Contents of 
large Caſks, as ſufficiently to obviate all Objections 
on that Head. END; 


EEAMPLE £-: 


Let it be propoſed to find the Content of a Caſk, 
in Ale and Wine Gallons ; whoſe Bung Diameter 
is 32, Head Diameter 24, and the Length 42 
Inches. FE. 


| Suppoſe, by proceeding according to the fore- 
going Directions, the Diſtance n (lee the Jaſt Fig.) 
was found to be.ſomething leſs than one Inch (i. e. 
leſs than th of the Difference of the Bung and 
Head-Diameters) ; conſequently, this Caſk, having 
the ſame Property as every Spheroidical Caſk, muſt 
be gauged as ſuch by the following general 


NUL. 


Io twice the Square of the Bung, add once the 
Square of the Head Diameter; this Sum being 
multiplied by the Length, and the Product divided 
by 1077.15 (viz. three times 359.05) for Ale, or 
by 882.36 (three times 294.12) for Wine Gallons, 
will give the Content required. 


b 4 OPER ATION, 
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OPyzRATION. 


Bung-Diamerer 32 Head-Diameter 24 


I" - 24 

64 8 5 6 96 
. 5 
1024 1 of an} on 576 


5 0 H. Diam. 


Twice the Square of 
the Hane ener, Za 2048 
V 
- San” 2624 


Which multiplied 
by che Length 3 42 


N 1 
10496 


1077. 15) 10208(102. = = the Con- 

[tent in Ale Gallons. 

And 110208 being divided by 882.36, the Quo- 

tient will be 124, the Conterit in Wine Gal- 
lons. 7h. 


Note. In Practice we may eie the . 
Decimals in the Diviſors, without any material 
Error in 1 the Reſult. 


EXAMPLE 2. 


| Wherein it is propoſed to find the Content of a 
Caſk in Wine Gallons, whoſe Bung-Diameter is 
8. Head-Diameter 39, and the Let 110 


Suppoſe, 
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Suppoſe, by the Directions given in Pa. 157, the 
Diſtance mn lee either of the preceding Figures) 
was found to be 3 Inches, which is leſs than th of 
(26) the Difference of the Diameters; therefore 
this Caſk, having the Property of every Spherordi- 
cal Caſt, muſt alio be gauged by the laſt genera! 
Rule. 


OPERATION, 


Bung-Diarneter 65 Head-Diameter 39 


8 
323 351 
8 FF 


The Sq. of the B. Dia: 4225 to of 2 15 
— H. Diam * 
The Double is s 8450 


Add 1321 


——_——— 


Sum 997 * 
alete by the Lang 110 


99710 
9971 


982) 10968 1001243. 54 the Con⸗ 5 
ſtent in Wine Gallons. 


Ex AMY I E 3. 


Let it be required to find the Content of a Caſt 
in Ale and Wine Gallons, having the ſame Length, 
Bung and Head-Diameters, as that in the iſt 
Example; only let the Diſtance mn be ſuppoſed 
equal to one Inch. 
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Here, the Diſtance n (ſee the preceding Fig.) 
being equal to {th of the Difference of the Head 
and Bung-Diameters ; this Caſk, therefore, havin 
the very ſame Property as the Middle Fruſtum of 
every Parabolic Spindle, muſt be gauged by the 
following general 

Rur x. | 

To twice the Square of the Bung Diameter, add 
the Square of the Head-Diameter, and from this 
Sum take ths (.4) of the Square of the Diffe- 
rence of the ſaid Diameters; multiply the Re- 
mainder by the Length of the Caſk, and divide 
the Product by 1077 for Ale, or by 882 for Wine, 
and the Quotient will give the Content ö 


Orraariox. 


32 24 
* 24 
64 96 
96 48 
1024 376 


Twice the Sq. of the B. Diam. 2048 5 
Square of the Head- Diameter 376 


ks 5 2624 
Sq. of 8, the Dif, of the? „ 
Diam. multiplied by X 35-0 
Difference t 
E by the Length 1 


1077)109132. Nor; 32= 
And 


the Content i in Ale Gallons. 
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And by dividing by 882 (viz. three times 294), 


the Quotient will be 123. 75 the Content in Wine 
Gallons. 


EXAMPLE 4; 


' Wherein it is propoſed to find the Content of a 

Caſk, in Wine Gallons, having the ſame Dimen- 
ſions (i. e. Bung and Head-Diameters, and Length) 
as that given in the 2d Example; only ſuppoſe the 
Diſtance mn to meaſure 3.3 Inches. 


In this Caſe, the perpendicular Diſtance mn (fee 
the preceding Fig.) being, very nearly, equal to th 
of (26) the Difference of the Bung and Head- 
Diameters; this Caſk muſt therefore be gauged as 
the Middle Fruſtum of a Parabolic Spindle, by the 

laſt-mentioned general Rule, 


OPERATION. 
The Sq. of 65, the Bung-Diam. is iS 4225 


The Double of which is 8450 
The Sq. of 39, the Head-Diam. is is 1521 


Sum 1 9971 
The Sq. of ab, the Dif. of Diam. 


| mult. by Ali. e. 676 mult. by. 0 os 


Difference 9700. 6 
ane by the Length 110 


570060 
97006 


882) 1067066. 901209. . 
W. Gall. 


The 
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The Content of this Caſk will, by dividing by 
10%, come out equal to 990.77 Ale Gallons. 


As no general practical Rule“ can poſſibly be 
given for finding, accurately, the Content of a 
Caſk compoled of the Middle Fruſtum of an 
Hperbolic Spindle, which we here denominate the 
zd Variety; therefore the beſt Way, when ſuch 
Caſks do occur, will be to have Recourſe to the 
following general Rule, which was firſt, and very 
judiciouſly, introduced into the preſent Subject, by 
the ingenious Mr. Robert Shirtchffe : This Method 
CC ( .. evidently 


4 [1 
1 5 « 3 g F . 4. * * 
me. IEEE A a AC . . — 1 2 4 - : wo, : — 3 * 


If it was poſſible to give as ganeral and practical a Rule, for determining 

the Meaſure of the Middle Fruſtum of an Hyperbolic Spindle, as thoſe are for 
a Spheroidical Caſe, and Parabolit Spindle; then the 'Bufineſs of Caſſe- 
Gauging might be juſtly ſaid to be univerſally complete; fince the Meaſure 
of the Fruſtum of the hyperbolic Spindle, will -be ever ſome Quantity leſs 
than the Fußum of a parabolic Spmdle, and: greater than that of a Cone, 
the Diameters and Length being ſuppoſed the ſame in each Fruſtum. 

For let AmBCsDA( Fig. XIII.) repreſent the Fruſtum of a parabolic Spindle, 
and AnBC+DA that of a Cone; let BE = the Difference of the Diameters, 
and from F, the Middle of AE, draw the Perpendicular F; alſo draw ne 
and me, each, parallel to AE: Then (by Lemma 1) Bc = AT BE; but 
Be =I BE; therefore r 3) an Ordinate drawn from the Point 
of Interſection of the Diameter mn, and any hyperbolic Curve, paſſing 
through A and the Vertex B, may fall any-where between the Points c 
and e; conſequently the hyperbolic Curve may continually be varied, *till it 
becomes coincident either with the parabolic Curve Anh, or the Right-line 
Ang; and that too, without varying the Dizmeters AB and BC, and the 
Length AE, of the aforeſaid Fruſtums; or, which is the ſame Thing, the 
Abſciſſa B®, and Ordinates AE and ne, of the hyperbolic Curve, 

By the very fame Method of Reaſoning (ſuppoſing BG drawn parallel to 
AE, cutting am produced in v it will appear (by Lemma 2) that the elliptic 
Curve, paſſing from A to the Vertex B, cannot deſcend ſo lot as the Point m, 
nor yet riſe ſo hig as ; conſequently no cloſe Caſk whatever (where the 
Vertex of the Curve is pofited in the Middle of the Caſk) can ſcarce contain 
more than the Middle Fruſtum of an Elliptic Spindle, nor leſs than that 
of wed a Spinale, under the ſame Dimenſions, j. e. Head, Bung, and 


\ CoroLlLARY. 


Hence it appears that two Caſks, compoſed of the Middle Fruſtums of 
hyperbolic Spindles, may have their correſponding Dimenſions equal, (i, e. 
the Head, Bung, and Length) and yet the Contents of theſe Caſks may 
pou differ: The ſame is to be obſerved in the elliptic Spindle 3 but this 

Caſk (as before noticed) ſcarce ever occurs in Practice. | | 
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evidently follows from that of — Ordi- 
nates (explained farther on). 


Note. I ſhall hereafter exhibit a Table of Mul- 
tipliers, for reducing a'Caſk, of this Form of 
Curvature, into a Cylinder; theſe Multipliers are 
adapted to a Caſk of ſuch a Degree of Curvature, 
as I found (from repeated Experiments) would 
moſt frequently happen.) in this Wanted. 


Tux General PxorosiTiox. 


Having the Length, Bung and Head. Diane vi of 
Caſe given, and alſo” another Diameter taken exactly 
in the d between the Bung and Head; to find 


tbe Content 8 the Caſk # in Ale and Wine Gallons. 


Taz Genznal Rur z. 


To the Square of tlie Bung- Diameter, add the 
5 Square of the Head-Diameter, and alſo four times 
the Square of the Diameter taken exa#ly in the 
Middle between the Bung and Head; the Sum 
of theſe multiplied by the Length of the Caſk, 
and the Product divided by 2154.32 for Ale, or 


by 1764.7 for Wine, the Quotient will be the 
required Content of the Caſk. Y 


Note. The Middle meer is eaſily found, by 
ſubtracting twice the perpendicular Diſtance un 
(ſee the Fig. Pa. 160) from the Bung- Diameter. 


E xAMPLE 


3 as - 5 . _ Yo — 
„ ** — 


* Or, univerſally, 10 the Solid _ of what Form ſoever: Add the two 
extreme Areas, and four times that in the Middle together; multiply the 


Sum by one- fixth of the Diſtance of the extreme Areas, and Son Product 
will be the Meaſure of the Solid, nearly, 


— — * 9 m 
— ra — 
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Ex AMSYHIL E 5. 
To find the Content of a Caſk in Wine Gallons, 
having the ſame Bung and Head-Diameters, and 
Length, as that propoſed in the 2d Example; 


be, let the Diſtance mn, be here LEED 1888 
to 4-55 Inches. 


— — ” 
—— — 1 


bows ine py > a 
—— „ — 


— — 
— 4 . 


The Diſtance mn (ee Zig Pa. 160) ns: in 
this Caſe, more than +th of (26) the Difference of 
the Diameters; this Caſk, therefore, having the. 
fame Property as that compoſed of the Middle 
Fruſtum of an Hyperbolic Spindle, muſt be gauged 
by the Face general Rule. 


uw - OPERATION. | 
| . Bung-Diameter 6 
1 1 Twice the Diſtance mn (4.5 5) = = 9.1 
The Diam. ! in the Middle benny, 

the * Ong and Head . BE 


8 dl * 


The Square whereof is 3 124. $1. I 
Multiplied 1 


— —— DCC 


Gives 1249924 


The 8g. of 6s, the B. Diam. 3 s 4225 
The I of 39, the H. Dia. is 1521 
4 Add 12499.24 


e 


Sum 18245, 24 
Mulvplied 7G the Length . 110 


— 


18245240 
1824524 | 


1764. (200697 6.4 40(1137. * 
= the Cour in Wine Gallons. | - 
BY 
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By comparing the preceding Content, with 
that found for a Caſk of the fame Dimenſions, 
in Example the 4th, it will appear that a very 
conſiderable Error may ariſe from computing the 
Content of this (or any other) Caſk, by the uſual 
Methods of only gueſſing at its Variety: It is, 
indeed, very certain, that this laſt mentioned gene- 
ral Rule will give very nearly (and ſometimes accu- 
rately) the Content of any Caſk, let its Form be 
what it will; and the nearer the Head-Diameter 
approaches to an Equality with the Bung-Diameter, 
the leſs will be the Error. —But as we now have a 
general practical Method, for diſtinguiſhing the 
three different Varieties of Caſks; the Con- 
tents of the two firſt may therefore be found with 
greater Expedition, by the Rules given for thoſe 
two Varieties ; fee Pages 161 and 164: But, with 
Reſpe& to the 3d Variety, the laſt-meationed 
general Rule (Pa. 167) is preferable to all that have 
hitherto been, or, perhaps, ever can be propoſed. 


EXAMPLE 6. 


Wherein it is propoſed to find the Content of a 
Caſk in Wine Gallons, whoſe Bung-Diameter is 31, 
Head-Diameter 23, Length 5o Inches, and the 
Diſtance mn 1.4 Inches. (See Fig. Pa, 157.) 


The Diſtance n being greater than 4th of (8) 
the Difference of the Bung and Head-Diameters 5 
tliis Caſk, therefore, being of the 3d Variety, muſt 

be gauged by the laſt- mentioned general Rule. 


2 Op ERATTON- 


—— * — 
— — — 
* — — 
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OPERATION. | 


Bung-Diameter 31 


The Sq. of the B. Diam. 961 
TheSq of 23,theH, Diam. 529 


Sum 1490 


5 Bung Diameter 225 
Tweie 1.4 (che Diſtance mn) = 


The Diameter in the Middley--. g 
between the Bung and TY 2 
| e 28.2 
2236 
564 


The Square of which is 795. "© 
Multiplied by ä 


Gives 31 80.96 
Add 1 1490. 


Sum 4670. 5 
duden by the Length ns 4 50 


1764. 7233548.50(132. 28 
W. Gall. 
Theſe Examples, I apprehend, will be ſufficient 


to enable the Learner to find, by the foregoing 
| Method and Rules, the Variety and Content of a 
Caſk of any other Dimenſions, 0 


The 


Szer: IX. GAUGING. 171 

The Contents of Caſks may be truly, and more 
expeditiouſly obtained, by firſt finding a Mean- 
Diameter; as will be fully explained in the next 
Section: But, before we enter upon that, it ma 
not be amiſs to give two general Rules, for deter- 
mining the Diameters taken in the Middle, between 
the Bung and Head-Diameters, of the ſpheroidical 
Caſk; and allo thar compoſed of the Middle F ruſ- 
tum of the e bf 


Prop. J. 


The Bung and Head-Diameters, and the Length 
of any Spheroidical Caſk being given; to find the 


Diameter exactly in the Middle, between the Bung | 
and Head. 


Rur. 


To three times the Square of the Bung Diame- 
ter, add the Square of the Head-Diameter ; zh 
of that Sum will be the Square of a Diameter in 
the Middle between the Bung and Head.“ 
TD Proe. 


eh — 


. * 4 4 


* Let the Bung and Head-Diameters, and I the Length of any ſpheroidical 
Caſk, be repreſented by 5, , and d reſpectively, alſo let u repreſent any 
Diſtance in the Axis (leſs than 4) from the Bung-Diameter : Then the Square 

of the ſemi-tranſverſe Axis of the whole Spheroid, being (by the Property 


| 5²ã 8 
of the Curve) des by Nr * have (again by the Property of the 
b2 > 42 | FCC 
Curve) 7252 *. (07 Fr NN 1 . 7 + n X 7 n 
: the 3 of the ee at n Diſtance from the Bung-Cirele; which 
| h Fe 12 A 
is therefore expreſſed b; 7 * N 12, or 52 — X * 


4 a 4s 
Which, when n= == (as in the above Prop. ), becomes 22 _ — = 


4 — 
. 
) = the 1 of the innen in the  Midale between thoſe 


of the tous and Head, QE. I, 
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Pzoe. II. 


The Bung and Head - Diameters, of the Middle 
Fruſtum of a Parabolic Spindle being given; to find 
the Diameter in the Middle between the Bung and 
Head. 


RULE. 


From the Bung-Diameter, ſubtract ith of the 
Difference of the Bung and Head-Diameters, the 
Remainder will be the Diameter in the Middle 
berween the Bung and Head, * 


EXAMPLE 1. 


4 Suppoſe a Spheroidical Caſt, whereof the Bung- 
6 155 Diameter is 32, Head - Diameter 24, and the 
[7 Length 42 Inches; it is required to find the Dia- 
1 meter in the Middle between the Bung and Head: 
uw And alſo the Content of the Caſk in Ale Gallons, 


by the general Rule, Pa. 167. 


W "Firſt, by the Rule eecaing he laſt, we have three 
13 times the Square of the Bung Diameter = 3072 
| þ T he Square of 24, the Head Diam. = 576, 

7 | Sum i is 3646 


Square of the Middle 8 1 8 15 


Then, by the general Rule 4 Pa. 167) we have 


"me followin 8 
Qone ATION. 
— — — — — gen 
0 + This Rule is very evident from the Property of the Parabola, fee 
1 
Wl Lemma T, Pa, 158. 
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ora AT1 N. 


The Sq. of 32, the Bung Diam. = 1024 

The Sq. of 24, the Head Diam. = 576 
Four times 912, the Squareq 649 
of the Middle Diameter F=3 + 


— —— 


Sum * 
Multiplied by the . 


1 
20992 


2154.32) 22041 60102. 32 
the Content in Ale Gallons, exaly agreeing with 
that found by the common Method (ſee Example 
I, Pa. I61), 


ExamPLE 2. 


Wherein it is required to find the Middle-Diame- 
ter; and alſo the Content in Ale Gallons (by the 
general Rule, Pa. 167) of a Caſk of the 2d Variety, 
whoſe Bung and Head-Diameters, and Length, are 
the lame as in the preceding Example, 


Oy ERATION. 


The Difference of the Diameters 8 
+th 5 which being 
ſubtracted from 32, the Bung-Diameter, leaves 30, 


the Middle Diameter; agreeable to the nn 
Rule. | | 


Then 


- 
_ a 


72 
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Then the Sq. of 32, the B. Diam. is 1024 


The Square of 24; the H. Diam. is 576 


Four times the Square of 30, 
the Middle-Diameter, is $3660 

„ Sum 5 

pee by the Length . 


10400 
20800 


7 | - 
& Ka 


2154. 32)218400( 101.37 
S the Content! in Ale Gallons, very nearly 3 Te 


with that found by the common Method, 


Example 3d, Pa. 163. 


The two ht LOS were only given . to 
ſhew the Conformity between the general Propoſf- 


ton (Pa. 167) and the common Method of finding 
the Contents of theſe two Caſks ; which, in the 


firſt Variety, will always be an exact Agreement; * 
. "= and 


8 —_— 1 a 1 8 —— "IE WTY 


4 | p 
e n * 3 


t The Reaſon of the general Rule 7 Pa. 267) beingias out 1 the 
Meaſure of the ſpheroidical Caſk, is from hence: — If 6, 5, M, and d, de- 
note the Bung, Head, Middle Diameter, and Length reſpeRtively, of any 
V e Caſk, and P = +7854 3 then inſtead of Ma, in the Expreſſion 


2 
* X 534p4M2-+b2) for the Content, ſubſtitute its Equal Pf a ot 
4 


, 


tound from the Property of IF Curve, Pa. 177, ang We ſhall get 


8 ENT Fe - 5 X 26? ＋ #*), which is well known to 
be the accurate e of every ſpheroidical Caſk, 


| Conortany, 


14 


Renee we can n eafily determine when the Anſwer brought out by the general 


Rule (Pa, 167] is flritly true; provided we have another Rule, or Method, 


whereby the true Meaſure of a Plane of a known Form, or a Solid Sera 
by the Revolution of a Curve of a known Property, can be found: For if 
inſtead of (M) the Middle Perpendicular (if a Surface), or (M2) its Square 
1 a Solid) we ſubſtitute its Equal, found from the Property of the Curve 


(or 
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and in the ſecond, the Difference will be inconſi- 
derable in Practice. 


175—̃ 8 1 88 — — — 


— 


(or Figure); then, if there reſults the known accurate Rule for determining 
the Meaſure of the Figure, it is evident (in ſuch Caſe) the general Rule here- 
after given for three equidiſtant Perpendiculars, and alfo that given (Pa. 167) 
for three equidiftant perpendicular Planes, will be frily true. | 
Thus, for Inftance, in the Fruſtum of a ſquare Pyramid, if a and þ2 denote the 
Areas of the two Ends, and d the Altitude of the ſaid Fruſtum; then, in the 


— 1 
general Expreſſion a M- X =» for M2 ſubſtitute its Equal 


a + ie 


- 


EGF REP e EFF. x which is kaown to 


to be the atcurate Meaſure of the Fruſtum. Q. E. I. 


OrnEAv ISE, let the Fraſtun of the Pyramid be what it will, 


Let any two homologous Sides of the greater and leſſer ſimilar Ends of the | 


Fruſtum, be denoted by a and 6 reſpectively; and let a correſponding Side of a 
Parallel Section in the Middle be denoted by M: Then will az, 52, and Mz, 


be as the Meaſures of the three paralle] Planes reſpectively; and therefore, by 


the general Rule, Pa. 167, Mm X * will be as the Content of 


the Fruſtum (d repreſenting the perpendicular Diſtance of the two extreme 


a +6 


planes): — But = the correſponding Side of the Plane in the 
2 1 Ft ; | $ | | 


Middle 3 » + 8 2 | 


general Expreſſion for the Content, we get aa 2 6245-6% 7 or 
Tab PI x — which is well known to be as the accurate Meaſure 


of che Fruſtum of any Pyramid (or Cone) whatever. Vid. Sea, VIII. 
P 4. 1 LET | 1 8 t | 


SECTION 


— a Rudi from the Property of the Figure, and we ſhall have 


= Ma, which being ſubſtituted above, in the 


— — — V——ů— — 
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SECTION. X. 


Or FINDING THE Mzan-DraueruRs 


or CASES. 


AHERE are two Methods, now in Prafiice, 
for finding the Mean-Diameter of a Caſk, 
Or reducing it to a Cylinder, of the ſame Length 


and Magnitude z the firſt is, by multiplying the 


Difference of the Bung and Head-Diameters, by 
ſome conſtant, or fixed, Multiplier (as by .7 for 
a ſpheroidical Cask, .68 for the Middle Fruſtum 


of a parabolic Spindle, c. according to the 


Variety of the Cask), and adding that Product to 


the Head - Diameter, this Sum is called the Mean- 


Diameter of the Cask; which is erroneous, as 
will be ſhewn hereafter. 


The other Method is, by the Tables which are 
to be found in moſt Authors on Gauging, and are 


alſo graduated on one Edge of the Sliding-Rule ; Z 


but, it is plain, thoſe Tables are formed from a 


_ Conſideration that all Casks which have the ſame 


Difference berween the Bung and Head-Diameters, 


muſt likewiſe have one conltant Multiplier; 
therefore this Method is alſo defe&ive : — For it is 


abſolutely impoſſible there ſhould be any conflant 
Multiplier, uſed in reducing Casks (even of the 
ſame Variety) to Cylinders, of the ſame Lengths 
and Magnitudes with thoſe Casks ; unleſs it be ſuch 


which have the Bung and Head-Diameters in ſome 


conſtant Proportion; for the Multipliers muſt vary, 


when theſe Proportions Vary, as will be hereafter 
made 


Seer. X. GAUGING. 177 
made to appear : It may ſuffice to ſhew here, by 
an eaſy Example, that two Casks (of the tame 
Variety) may have the very ſame Difference of 
their Bung -and Head-Diameters, and yet the 
Proportion of the Diameters of each Cask, may 
be very different. 

Thus, let 32 and 24 Inches be the Bung and 
Head-Diameters of one Caſk, and thoſe of another 
be 48 and 40 Inches: Here the Difference of the 
Diameters is the ſame in each Cask, but the Pro- 
portion of their Diameters is unlike ; for, in the 
firſt Cafe, the Bung-Diameter contains the Head 
and 3d Part thereof; but in the latter, the greater 
exceeds the leſſer by ith Part only: Theſe two 
Casks therefore, though the Difference of the 
Diameters is the ſame in both, require different 
Multipliers. 


From the [aveſligations® i in the ſubjoined Notes, 


two different Methods may be given for finding a 
e Mean- 


7 ; g £ jo " 1 . . 3 an. 


Let the Head-Diameter of any bereiste Caſk be called x, ah Bung- 
Diameter y, and let m: denote ſome Multiplier, by which the faid Bung- 
Diameter being multiplied, the Product will give the Mean- Diameter of the 
| Eaſk; or, which is the ſame Thing, the Diameter of aCylinder, whoſe Length 
and Magnitude are equal to thoſe of any propoſed ſpheroidical Caſk : _ 
E 


(by the well-known Thcorem) we get 


* 5555 — 8 ED! * I ; 1 the Bunz · Diameter is to the 


Head-Diameter, univerſally, as 5 y * zu z—2 3 or as 1: V am*—2 5 
From whence it is eaſy to perceive, that, when the Multiplier (=) 1s varied, 


the Ratio of the Bung and Head-Diameters muſt vary; conſequently there 


cannot be any conſtant, or fixed, Multiplier. 


Moreover it evidently war that the Multiplier (m) cannot be greater 
than Vaity, 1 nor leſs than — ; therefore all the Multipliers, or Values 
; | 


of n, let the Bung and Head-Diameters be what they will, are included bet- 


ween I and. 8 164 &c, (wiz ” ): — Butit will be unneceſſary to extend 


any * the Tables, to contain Maltipliers for a Caſk (or Veſſel) whoſe Bung 
(or greater) Diameter, is more than twice the Head (or leſs) Diameter. 


= "3 therefore x = 
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Mean-Diameter, and both of them equally accurate 
and comprehenſive ; the firſt is, by multiplying the 
Bung-Diameter by a Number, or Factor, accord- 
ing to the Proportion of the Burg and Head- 
Diameters, this Product will give the Mean- 


Diameter; the other Method is, by multiplying 


the Difference of the Diameters by a Number, or 


Factor, which muſt alſo be according to the Pro- 
portion of the two Diameters of the Caſk or 
Veſſel; and that Product being added to the leſs 


Diameter, the Sum will be the Mean- Diameter. 
But, as it might be deemed unneceſſary to exem- 


plify both theſe Methods, I thought it would ſuffice 
to only put down for the firſt, the Tables of Mul- 


tipliers, as they are derived from a different Con- 


ſideration than any hitherto offered to the Public; 


but for the other Method, I have given both Ta- 


bles of Factors, and proper Examples to illuſtrate 


the ſame. _ FENG EEO e 
By theſe laſt Tables it will plainly appear, that 


the common Factors .7, . 68, &c. uſed in reducing 


Caſks to Cylinders (notwithſtanding they are better 


adapted to Practice than any other conſtant Factors 
whatever), are only ſtri#ly true in particular Cir- 


cumſtances: And though the ſaid Factors will be 


ſufficiently near the Truth, in finding the Contents 


of many Caſks which occur in Practice; yet, it 


is very certain, when the Caſk is ſomewhat out 
of the common Form, the Error will then be far 

too conſiderable to be diſregarded; fo that I pre- 
ſume theſe Tables will be found of great Utility, 


in determining the true Content of a Veſſel in any 


of the following Forms; namely, for a cloſe 


Sher. X. ee 1 
Caſk, either in the Form of the Middle Fruſtum 
of a Spheroid, Parabolic Spindle,* or Hyperbolic 

185 A a 2 Spindle, 


-. _— 
3 


— 7 Wu E 
— — 


* Let the Head-Diameter of a Caſk, repreſenting the Middle Fruſtum 


of a parabolic Spindle, be denoted by x, and the Bung-Diameter by y, and 
let (as in the preceding Note, the variable Multiplier be called m; then (by 

850 | 2h-2x% x 2 | 
the Writers on Fluxions) we have 2 HEL 2 


zx 
= 252, or! ck 
1 * bo T+ 


WES | ps | A | 7 IT 
A ol Lg >. 0 od le ED ns: ee ys ns ; whence x = 
FFC 


of . — 22 X = 5 3 conſequently 


9 | 
the Bung-Diameter is to the Head-Diameter, univerſally, as N 


; om Io rr Or as 1 5 — Nr oo Hence it appears, 


| 9 
that, when the Ratio of the Bung and Head-Diameters varies, the Multiplier 
(m) muſt vary: Moreover it is evident, that the Multiplier (m) cannot be 


greater than Unity, nor leſs than 77 vx. +7302, Tc, 


+ Let x be the leſs, and y the greater Diameter either of the Fruſtum of a 


parabolic Conoid or that of a Cone, alſo let m be a Multiplier, by which 


if the greater Diameter be multiplied, the Product ſhall be the Mean- 
Diameter; hence (by the well-kn 
Equations: | 


| e 33 2 
Viz, For the Fruſtum of a Parabolic Conoid, % — = my; 


For the Fruſtum of a Cone, Lama 252 


— — ny, 
Theſe two ( „ | WL, 
Equations, yy 2m*—1, for the Fruſtum of a Parabolic Conoid, 
being ſolved, ET ROOD 1 = 
: give. x © J yy 3mz2—4 — Ly, for the Fruſtum of a Cone, 5 
Therefore the greater Diametec is to the leſs, aniverſally, 


I-43 * 22 —1, for the Pruſtum of a Parabolic Conoid. 
As | | 


1: J 4nt—3 — 4, for the Fruſtum of a Cone. | | 

Hence it is evident, that- when the Ratio of the two Diameters of each 
Fruſtum varies, the Multiplier (m)] muſt vary: It is likewiſe evident, that 
the ſaid Multiplier, in the firſt Caſe, cannot be greater than Unity, nor leſs 


than V1, or. 707 I, &c. and in the Fruſtum of a Cone, the Multiplier (. 


cannot exceed Unity, nor be leſs than 7. VIZ, 45773» Ec. 


own Theorems) we have the following 


By 
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Spindle ;F and alſo, for an open Utenſil, the F ruſtum 
t a Parabolic Conoid and Cone. | 


And 


—_ — 


— . 39 rr 
_ - * . * . * - ht — a oY PERS vo * © . . 
1 _— -_ 4 : 


By the b Proportions i it appears, that ths Limits of the Multpliers, 
for the Bung (or greater) Diameters, are 


8164, Se. (VE) ) 1 


7302, Cc. ( 15 and Unity: Moreover it i is evident (from 

| back the Method hereafter ſpewn of deriving 

5 7077, Sc. ( ) | Tables 3 and 4, from 1 and a reſpectively) 

| that the Limits for the Multipliers, for 

5773 Se. VT 3 ; the Difference of the * are 

6666, Oc. (2 20 ” $164; Se; © 

Between | $6, Sc. (2) and 7 De. 
| } | «7071, &c, 
pe ( ) 5773 Sc. 

The Multipliers (Table 1.) for W Caſks, and for ha Midele 
Fruſtum of parabolic Spindles ; likewiſe the (Table II.) for the Fruſtums 
of parabolig Conoids and Cones, were derived from the general Proportiins of the 
Bung and Head, or greater and leſs Diameters (ſee Pa, 177 and 179). — For, 
by aſſuming the Ratio of the two Diameters, we can readily obtain the Value 
of m: Thus, for Inſtance, let the Ratio of the A compa and __ Diameters 


be as 2 to 1; then we have | 
For the Middle Fruftum of a Spheroid, 1 : 932 | = | | 


For the Middle Fruſtum of a ER GPS. 2 
| Parabolic Spindle 22 @ 4 g H | 


Between 


For the Froftum of a Ponal. cu. 1: Vam*—1 


For the Fruftum of a Cone 
Whence we pet for the 


— s * a * 


93 


: m Ex. 2X = the 5 ed en for the Bung for wu 
2% 1785) & 


Diameter of any Caſk, or Veſſel, in the above Forms, whoſe Diaguiten are 
in the Ratio ef 2 to x : — Or if the Bung (or greater) Diameter be expreſſed 
by Unity, and the Head (or leſs) Diameter by 13 then the above Numbers 
will . the n eee themſelves. | | 


} The Multipliers for the Middle Fruſtums of the Hyperbel:s Pindl (Tab, 
1.) were derived in the following Manner. 

It was firſt found by various Experiments) that many Caſks, whoſe Contents 
were leſs than thoſe of Parabolic Spindles (having the ſame Bung, Head, and 
Length) had the Difference of the Bung and Head-Diameters, and the 

Diſtance mn (ſee Hg. Pa. 1 57 or x60) in the Ratio of 8: 1.4. | 
Noa if 2, 5, and M, denote the Bung, Head, and Middle Diameters 
_ zeſpeRively of any Caſk ; and alſo n the Mean-Diameter thereof; then, by | 
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And ] flatter myſelf, that the Advantage of the 
following Tables will be acknowledged by the alten- 
tive and unprejudiced Reader, as better adapted to 
real Practice, than any hitherto publiſhed z conſider- 


ing both the Facility of the Operations, and the 


Accuracy of the Concluſions : For, by the Method 


here laid down, the Contents of cloſe Cafks (and 


Open 
* — — ö Kg: | 
the general Propoſition, Pa. 167, we ſhall bave = 4 — =m?, . m 


FA 5 | 
= / — : Whence jt is evident that if the Bung-Diameter be 


denotcd by Unity, and the Head-Diameter by any Number leſs than Unity, 
ſuppoſe, for Example, by ,75, we ſhall have 8 : 1.4 3: +25 (1.75) : 
DX 3 4375 (= mn, ſee Fig. Pa. 160), the Double whereof 13 
08763 then 1—.0875 =. 9125 == the Middle Diameter; therefore, in this 


Caſe, b=1, b=.75, and M = 9125; conſequently 7 


E 


| | 2 eye” 3 | 2 2 | | | 8 
(= nm) = 3 EY: 2 2 = 9o j = the Mean- Diameter, or 


6 


general Multiplier, for the Middle Fruſtum of an Hyperbolic Spindle (of this 


Form) whoſe Head-Diameter is equal to + of the Bung-Diameter. 


The 3d and 4th Tables, are reſpeRively deduced from the 1ſt and 2d; in ; 


the following Manner, | 
Having already proved, that the Multiplier (, depends intirely upon the 
Ratio of the two Diameters of the Fruſtum ; and therefore, in the 1ſt and 24 
Tables, the Bung (or greater) Diameter being denoted by Unity, we have the 
Head (or leſs) Diameter expreſſed in Decimal Parts, in the Columns titled 2b. 
Quotient of the Head (or leſs) Diameter, divided by the Bung (or greater Diameter; 
and in the other Columns (titled Multipliers, Sc.) ſtand the true Mean-Diame- 
ters for the reſpective Caſk, &c, whoſe Bung and Head (or greater and leſs Dia- 
meters) are as here ſpecified ; Thus, for Example, call the Bung-Dia meter 1, 
the Head- Diameter ,6, then the Mean-Diameter (or Multiplier) of ſuch a 
Spheroidical Caſk (by Tab, I.) is .887 z whence (by multiplying the Difference 
of the Diameters by x, and adding the Product to the Head-Diameter) we get 


A. 6 2. 887, n= = 27175 for a Multiplier; whereby the 


Difference of the Diameters of every ſpheroidical Caſk, having the Bung and 
Head-Diameters in the Ratio of 5 to 3, muſt be multiplied, and the Product 
added to the Head-Diameter, in Order to obtain the Mean-Diameter: The 
ſame Method muſt be obſerved in finding the Multipliers for the other 
Poarieties. | WY | = 


b2-+ DEAN | 


weigh Veſſels) may, with the utmoſt Exactneſs, be 
ope 


as expeditiouſly obtained, 


ATREATISE of 


SECT. X. 


as by 


that uncertain 


W of uſing the fixed nee 


Mean. Diameters thereof. 


TABLE Y 


he Bung- 
= Multipliers, whereby if f 
Er, Caſts, ples, ho the Middle W e | 
* 8 or of Parabolic and Hyperbo 8 
pens, be multiplied ; the Frodubi, will * the 


wy 


« - 
— — — 
5 


| —— TOR N 
S |Z78zz|S285 || TER &= SFT 
e e | mii ES d SS 
PEE EE [Saf SDg || 22 Il SE e Eþ 
Shall TEPESEISE FT || Saf] TE Fi eG 
FR ass [5 Kel =3 IE EM 
Fr a2 TEEC[R>Y Tel FeS Ss 8} 
SSS s 
K 1 76 || <927 | ? -go068 | 
50 (+569 8465 3 3 77 1] 9296 9258 9105 
1 | 868 8493 wi 78 9324 929 9447 J 
| .872 +8548 37 8 | +9388 | , $21 +9219 
53 7 6 82 «00 93 | 93 | 
+54. -07 857 3 73 = x | 9409 9383 9257 | 
| 55. [e376 1-005 12 82 94380 94159295 
56 11-578 1.8633 . 83947944 9333 
e 84 949694789375 
5 525 869 77 „89526951 | gar | 
9 8846 [872 51 20S 9559] ,9542 94494 
e 887 745 Fo $7 1} .9586| .9574 | 9487 
k 61 8892 8777 1 51 88 ; 9616 9605 9526 | 
62 ||.8915 [.8806 | $554 || _ 3g || :9647| :9638| 9565 
63 [89388835859 © || .9678] .961 | .9604 
7 562 8865 [8626 25 5826 
64 | 896 2 5 6 291 971 9703 9943 
be . | 22 BY 3 92 G74 ; 9736 90682 
«66 97 8024 5 : +93 || <9772] .9768| .9722 
67 [1.9034 |-3954 |.8735 «94 [80498019761 
68 .gob | 8983 $944 95 I} £5236] 98349801 | 
69 9084 . 4845 $ 96 || ,9368] „sé, : go | 
470 911 9044 |» 97 99 99 29 | * 
| 31 | 916 7 3 58 9933 99331992 | 
72 0162 9104 2 99 966 9966 .996 
Ph 1 9188 9135 Y 955 1.60 1.0000 HI. oo OH. co | 
2 1.9215 |-9166 |.8993 | 
; | 196 903 
76 11:99 1 Wy 8 RS. 


Shewing the Multipliers, by 
Diameters of the Fruſtums of Parabolic Conoids 
and Cones, be multiplied; the Produtts will give 


GAUGING 


TABLE II. 


the Mean-Diameters thereof. 


SORE Ss FS IN 
5 S e 
Sers ES: 
8 2 ee e SV 2 
SFS s cds 
FFP 
S 
1 .50 [7905 7637 76 8881] ,8827 
"| -32 I} -7937] 7681 77 || +3924] +3874 
| +52 || +797 | +7725 «78 89678922 
+53 || .$002| .7769 79 9011897 
„54 80367813 80 9055 9018 
= „55 807 7858 i 81 «QI 9066 
| +56 I] ,8104| .7902 82 9144 9114 
57 I| 814 | +7947 +83 [91889163 
| +53 8174/7992 84 || +9234] -9211 
{ +59 821 ,8037 85 928 926 
60 . 8246 8082 86 [93269308 
61 82828128 87 93729357 
1.62 [8328173 88 89419 -9406 
63 8357822 89 94669455 
] .64 8395. 826 5 90 951319504 
65 8433-8371 91 956 [9553 
66 34728357 «92 || .9608| . 9602 
| 67 85128404 93 9⁵5⁵ 965² 
68 85510845 94 9704970 
| +69 859 „85 95 || +9753] 4975 | 
| .70 8631 3544 296 501 98 
| 71 || 8672] .859 97 9857 985 
1 .72 [87138637 98 99 99 | 
| -73 || -3754| +3685 «99 || +995 | .995 
1 +74 || +3796] 48732 r. 0 II. oo I. oo 
1 75 88381 878 3 | 9 


183 


which if the greater 
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By the preceding Tables, the Mean:Diameters 
of Caſks, compoſed of the Middle Fruſtums of 
| Spheroids, and of parabolic and hyperbolic Spin- 

dles; and likewiſe the Meau-Diameters of the 
Fruſtums of parabolic Gonoids and Cones, may 
very ANON: be obtained, * the * general 


11 


Divide the Head (or leſs) Diameter, by the 
Bung (or greater) Diameter, to two Places of 
Decimals in the Quotient, againſt which, in the 
proper Column, we have a Decimal Fraction; 
which being multiplied by the Bung (or greater) 
Diameter, the Product will give the true Mean- 
Diameter ſought. 


TABLF, 


. OJ XUOING. Is 


TABLE III. 


Habibiting the Multipliers, whereby if the Difference 
of the Bung and Head-Diameters of a Spheroidical 
Caſk, or that compoſed. of the Middle Fruſtum of a 


Parabolic or Hyperbolic Spindle, be multiplied, and 
the Produdi added to the Head Diameter; the Sum 


will give the Mean-Diameter thereof: (i. e. of any 
Propoſed Caſt, within the Limits of this Table.) 


18 2 — 5 5 — ” 
[ES] = *FERSDE | EPO EE e 
des FSS SSS SSH] SSR S 
2 S. ſo EIS EwV | " $]} SE | Ss 
v > >] 8&2 EVE] SES SSI SS SSS Ek 
{SS IT [SES || EEST ES [SSI]. Z 
Te Sz [ENS|EOP || © ER oS [EEC[E- OF 
SSS SU DE [XSLESES 
„ 732 693 | 627 76 || .695 „678 611 
681 f 73 | 692 | .626 77 || 693 | 677 611 
52 729 | .6gr 626 5 92 | +077 [61 
5 727 691 „62% 79 691 {| .676 61 
54 720 69 24 0 | «bg 676 | .6og | 
55 724 | 689 | .624 81 || .688 | 675 609 
436 722.689 623 82 687 | .675 608 
57 721 | 683 | .b2z jt .83 |} .686 | .674 | .607 
15 72 688 622 84 685 673 | .607 
{ .59 718 687 627 85 |} .684 | .673 | .606 
60 || 917 | 689 621 «$6 || .632 | .672 | .606 |, 
-L 61: F .715 | .686 | .62 87 |} .681 | .672 | .605 } 
\ 02 714 686 | .619 88 || .68 671 | .6og þ 
63 || $713 | -685 | .618 89 || .679 | .671 | ,604 3 
64 || .711 | .684 618 90 || .678 671 | .,604 | 
0c i 72 684 þ 617 || «91 697 | .67 | .603 | 
.66 || .708 | .683 617 02 75 | .679 | 603 | 
67 707 | .683 „616 93 674 668 603 
668 3706 | .682 616 4 673668 | .602 
69 704 (631 035... \ «95 || .672 | .668 602 N 
70 703 „681 [615 996 „07 667 602 
71 702 „681614 97 669 | .667 | .bor þ 
24 (nor [68 |.613 98 || .667 | $666 | .601 
73 699 679 612 99 666 666 | .6&c.| | 
+74 || 698 | .679 | .612 1,00 }{—[&c,}—-(@c.} — | 
75 697 678 . 612 | | | | 
E: : | 0 a i 


Note. The above Table (for the Sake 7 Convenience ) 
is now graduated on the Sliding-Rule, as made by that 
ingenious Mathematical-Inſlrument-Maker, Mr. John 
Bennett, in Crown-Court, St. Ann's, Soho. 


N Twe 


| 
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Two Places of Decimals being kin for a 
Multiplier, in the Manner as they are now placed 
on the Sliding-Rule, will give the Mean-Diameter 
of a Caſk to a ſurprizing Degree of Exactneſs: But 
I judged it would not be amiſs to give three Places 
In the preceding Table, in Order to ſhew in what 
_ Circumſtances (with Regard to the Proportion of 
the Bung and Head-Diameters) the common Mul- 

tipliers (.7 and .68) will be the moſt exact, 


I ſhall now proceed to ſhew the Viility of this 
laſt Table, by the e Examples. 


GENERAL Nr 


Divide the Head Diameter by the 8 
ter, to two Places of Decimals in the Quotient, 
againſt which, in the Column anſwering to the 
propoſed Variety, we have a Decimal; which 
being multiplied by the Difference of the Bung 
and Head-Diameters, and the Product being added 
to the Head- Diameter, the Sum thereof will be the 
true Mean-Diameter ſought. 


EXAMPLE . 


| Whereia i it is propoſed to find the Mean-Diame- 
ter, and Content of a Spheroidical Caſh, in Wine 
Gallons; whereof the Bung-Diameter is 65, Head- 
Diameter 39, and the Length 1 10 Inches. 


or es, 


65) 39.0 (.6 Quotient. | 
- 390 i 


— — Wks 


EY ST 


** . * Then 
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Then againſt . 60 (Tab. III.) in the firſt Column, 
and in that for ſpheroidical Caſks, we have the 
Multiplier (or Factor). . 8 717 
W by the Diff. of the Diam. = 1 


—— 


4302 
1434 


Product 18. bs” 
Head-Diameter 39 


Mean-Diameter 57.642, the 
Area, i in Wine Gallons, anſwering to this Diame- 
ter, 8 . 11.302 very near. 


Multplied by the Length 110 


113020 
11302 


Gives 1243.2 20 Wine Gal- 
lons, the Content of the Caſk; the ſame as was 
tound in Example 2, ſee Pa. 163. 


If, in the foregoing Example, the Difference of 
the Bung and Hcad-Diameters be multiplied by .6, 
agreeable to an Obſervation of a very celebrated 
Author, the Mean-Diameter will come out 54.6 
Inches; and therefore the Content of the Caſk will 
then appear to be but 1114.3 Wine Gallons, which 
is 129 Gallons /eſs than the Truth! 


EXAMPLE 2. 


Let it be propoſed to find the Mean-Diameter, 
and Content in Wine Gallons, of a Caſk repreſent- 
ing the Middle Fruſtum of a Parabolic Spindle ; 
whoſe Bung-Diameter is 32, Head-Diameter 24, 
and the Length 42 Inches. 


B b 2 OPERATION. 
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OPERATION. 


| 32)24-00(-7 5 Quotient. 


Then againſt 75 (Tab. III.), in the proper Co- 
lumn for this Variety, we have. 678 for a Multiplier; 
and therefore, by proceeding as in the laſt Exam- 
ple, the Mean-Diameter is 29.424, and the requi- 

red Content 123.648 Wine Gallons; the ſame as 
: found by the 985 Ns Exam. 35 Fa. 164. 


5 the Slding-Rule. 


To the Wine Guage-point on D, ſet the Length 
42 on C; then againſt 29.4, the Mean-Diameter 


on D, we have 12.4 Gallons nearly, the Coptent 
of the Caſk on [. 


EXAMPLE 3. 


Suppoſe the Dimenſions of a Caſk of the 3d 
Variety (or the Middle Fruſtum of an Hyperbolic 
Spindle) be the ſame as were given in Example 2, 
Pa. 162; to find the Mean-Diameter of the Caſk, 
| and i its Content 1 in 1. Wine Gallons. CS 


OPERATION, 
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' OrERATION, 


If the Head: Diameter 39, be divided by the 


Bung-Diameter 65, the Quotient will be .6; pd 


which (Tab. III.), in the Column proper for this 


„% „ 2 7 2x7 
Multiplied by the Difference of 26 
the Bung and Head-Diameters } 4b 


it. £ 


"6. 
1242 


Product 16. 6 - 
Head- Diameter 39 


— 


Mean-Diameter i is 55. 12s. the Area 
in Wine Gallons, anſwering to this Diameter, is 
10. 34, which being multiplied by the Length 
(110) gives 1137.4 Wine Gallons, the required 
Content of the Caſk: Which differs 106 Gallons 
from one of a ſpheroidical Form, having the ſame 


Bung, Head, and Length, ſee Pg. 163 ; but a- 


grees, very nearh, with the Content found ac- 


cording to the general Rule, fee Example 5, Pa. 


168. | 
By the Sliding-Rule. 
To the Wine Gauge-point on D, ſet the Length 


110 on the Line C (7. e. on the iſt Radius); then 


againſt the Mean-Diameter 55.14 on D, we have 
11 37. 4 Gallen, the Content on C as before. 


Ex Aur LE * 


Wherein it is s e to find the Mean-Diame- 
fer, and Content of a Leit of the 3d Variety Crag 
iddle 
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Middle Fruſtum of an Hyperbolic Spindle), whoſe 
| Bung-Diameter is 31, Head-Diameter 23, and the 
Lnge gorfaches.: ooo Te! 2 


4 — 
+ Pang. % 
Anise R 2 


a ß 
© By dividing the Head by the Bung-Diameter, 
and proceeding in the very ſame Manner as in the 
foregoing Examples, We ſhall find the Mean-Dia- 

meter 27.89; and the Content of the Caſk 132.25 


Wine Gallons, the ſame as in Pa. 170. 


5 þ . By the Shding-Rule. 


To the Wine Gauge-point on D, ſet the Length 
50 on C, then againſt 27.9, the Mean-Diameter 
on D, we have 132.25 Wine Gallons, the Content 


+3& 4 7 


PFFCCCCCCCCCCCCCCCCCC dgofkg..;- 
Note, If the above Example be wrought by the 


Leni e ie | 2 | 
common Method, of uſing .7 for a Multiplier, the 
Content will then appear to be 139 Gallons, which 


war 7:0 4 14 —_— inet | ' 1 
exceeds the true Mealure 6.75 Gallons. 
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| Shewing the Multipliers, whereby the Difference of 
the Diameters of the Fruſtums of a Parabolic Co- 


noid or Cone, being multiplied, and the Product 
added to the leſs Diameter; the Sum will give the 
Mean-Diameter thereof: (i. e. of any propoſed 
Fruſtum, within the Limits of this Table.) 
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+68 847 [516 94 |} +597 [501 
69 545 „516 ; 95 50 «LOI | 
| +70 5431 +515 | 96 „585 5 c. 
1 541 514 97 «503 o | 
| 72 54 | +513 «98 | +521 } 5 |} 
74 1 +537 | +5172 


It 


192 An 142 of Sem: X; 
It appears from the foregoing Table, that the 
Mean-Diameter of the Fruſtum of a Cone is nearly 
equal to half the Sum of the top ahd bottom Diame- 
ters of the ſaid Fruſtum ; eſpecially when the leſs 
Diameter is more than ds of the greater Diameter : 
Bur this Obſervation, it is evident from Table III. 
will not hold good, with Reſpect to the other Fruſ- 
tums, inany Circumſtance whatever. | 


ExanPLE 1 


The greater Diameter of the Fruſtum of a Pa 
rabolic Conoid is 45, the leſs Diameter 27, and the 
Altitude 40 Inches; required the Mean-Diametct 
of the Fruſtum, and irs Content in Wine Gallons. 


Or A0. 


455 5 of. 6 Quotient. 


F hen againſt . 600 Tab. IV.), in the Columk for the 
Eu of Parabolic Conoids, we have. 562, which 
deing multiplied by the Difference of the Diameter 
(18), f ives 10.116, to which add the leſs Diameter 
2 7 130 the Sum will be the required Mean- 
Diameter 37.116: — The Area in Wine Gallons, 
anſwering to this Diameter, is 4.683, which being 
malig oY the Alticude 1 40 


Gn 17 320 Wine Gal- 
lons, this Content ſought ; very nearly the fame as 
in the Example, Pa. 142. a Er 


By the Sliding-Rule. 


To the Wine Gauge-point on D, ſet the Altitude 
(or Length) 40 on "©; then oppoſite 37.1, the 
above Mean-Diameter on D, we have 187. 3 Wine 
Gallons, the Content on C. 

Erni 
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EXAMPLE 6. 


Let the leſs Diameter of the Fruſtum of a Cone 


be 22, the greater Diameter 40, and the Altitude 
60 Inches ; required the Mean-Diameter and Con- 
tent of the Fruſtum in Wine Gallons. 


OPERATION. 


40)22. oof. 55 Quotient. 


Then againſt 35 (Tab. IV. Pa. 191) in the 


Column for the Fruſtums of Cones, we have for a 
Multiplier .524 ; whence, by proceeding as in the 


laſt Example, the Mean-Diameter comes out 


31.432, and therefore the Content is 201.48 Wine 
Gallons, (See Pa. 113.) a 


By the Sliding-Rule. 


To the Wine Gauge-point on D, ſet the Altitude 
60 on C; then againſt 31.43, the Mean-Diameter 
on D, we have 201.5 Sons, the Content on C, 
85 before. 


The Mean-Diameters, found in the preceding, 
Examples, may be alſo obtained by the 1ſt and 2d 
Tables. — Thus, againſt the laſt-mentioned Quo- 
tient .55 (in Tab. II.), we have for the Fruſtum of 
a Cone n „„ | | 
Multiplied by the greater Diam. 40 


Gives the Mean-Diameter 31.4320, "ha Game - 


as above: Which, in this Caſe, is found with more 
Expedition than by the other Method ; but it muſt 


be obſerved, that the ſaid Method is generally 


more conciſe than by the 1ſt and 2d Tables, by 
Reaſon that two Figures (and in ſome particular 
Cc Circumſtances 
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194 A TREATISE of SECT. X. 
| Circumſtances one) taken for a Multiplier in the 3d 


and 4th Tables, will be as exact, as when four 
Figures are taken for a Multiplier 1 in the ſt and 2d 


Tables. 


Of the Conſtruction . Properties of the 


DiaconaL Rob. 
(See Fig. Pa. 160.) 


The Diviſions graduated on this Rod, are found- 
ed upon the well-known Property of ſimilar Solids; 
namely, that their Contents ate to one another as 
the Cubes of their N (or like) Sides, or 
Dimenſions. 

If the Bung-Diameters, Hea®-Diameters, and 

Lengths of any two Caſks (of the ſame Variety) 
are in the ſame Proportion to each other, hoſe 
Caſks are then alike in Form, or ſimilar; and 
their Contents will be to each other, as the Cubes 
of their correſponding Dimenſions, and therefore 
(in this Caſe) as the Cubes of their Diagonals. 
Hence it is plain, that the original Conſtruction 
of the Diagonal Line was extremely eaſy: For the 
Bung and Head-Diameters, Length and Variety, 
of lach a Caſk as beſt agreed with the general 
Form of Caſks,* being firſt carefully taken in Inches 
; and 
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It ie utterly impoſlible to inveſtigate what particular Form of a Caſk was 
A firſt fixed upon, in the original Conſtruction of the Diagonal Line, even 
1 ſuppoſing the Property of the Curve of the Caſk known : It muſt be allowed 
Wo | that there is an infinite Number of different Forms and Magnitudes of 
each Variety of Caſks which have the very ſame Diagonal; nay, even in 
every cloſe Caſk but a cylindrical One, both the Diagonal and Content 
thereof may remain the ſame, avd yet the Form of it, or the Ratio of the 
Bung and Av ee and Length, may vary; becauſe it is evident that 
the Diagonal and one other Dimenſion being known, are not ſufficient to Init, 
neither the Figure, nor | of the Caſk; whence it is plain, that, 
beſides 
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and Tenths; then the Square of half the Length 
of the Caſk, being added to the Square of half 
| C2 the 


, - 


9 F ww 1 


beſides the Diagonal, there muſt be given another Dimenſion, in Order to 
obtain the Form of a Caſk of a given Magnitude; which, in the preſent 
Caſe, is to be a given Multiple of the Cube of the Diagonal: — Therefore if the 
Bung, or the Head, or the Ratio of the Bung and Head-Diameters is known; 
then with any of theſe, and a given Diagonal and Content anſwering thereto, 
the Form of the Caſk (ſuppoſing the Nature of the Curve known) will be 
eaſily determined; provided the greateſt Content that can be formed with the 
above Data is either equal to, or exceeds the Content anſwering to the propoſed 
Diagonal, or, which is the ſame Thing, to a given Multiple of its Cube ; 
which Circumſtance is known to obtain in a ſpheroicical Caſk, in every Ratio 
of the Bung and Head-Diameters within a certain Limit; namely, when the 
Head-Diameter does not exceed Nine-tenths of the Bung-Diameter : — See 
my Queſtion in the Ladies Diary 1763 ; and its Solution in the ſubſequent 
Diary, : | 
5 in Order to determine which is the moſt general Form of ſpheroidical 
Caſks, to be met with in Practice, whoſe Contents will be truly obtained by 
the Diagonal Line; we muſt aſſume, to any given Content, either the Bung, 
or Head, ot Ratio of the Bung and Head-Diameters (ſuch as is known to 
occur, according to the moſt general Form of Caſks); then the Queſtion 
becomes limited, and the Dimenſions of the Caſk may be found, ſo that the 
Diagonal Line will exhibit its true Content, (7 3 
Let, for Inſtance, the Content of a ſpheroidical Caſk be 1104 Wine Gallons 
(its Diagonal, on the Rod, will be 34. 4 Inches, nearly), and let the Ratio of the 


Bung and Head-Diameters be as 1 to. 85; moreover let the Bung-Diam. be de- 


noted by x, andp==,7854: Then, by Tab. I. Pa. 182, we have for a Multiplier 
+9526, therefore. 9 52 b will expreſs the Mean-Diameter of the required Caſk 3 
| but .925x = x the Sum of the Bung and Head-Diameters, conſequently the 


Length of the Caſk will be expreſſed by 2+ 1183.36=—«9252]* „ whence 


2% 1183-36—:$55x*X .9526x]* X þ = 25525.5, and . #42, the re- 
quired Bung-Diameter ; whence the Head-Diameter (32 Xx. 85) = 27.2, 


and the Length (=2V 1182.41—-855x*) = 35, very nearly. 

It is very evident that this Method is applicable, in the like Manner, to any 
of the other Varieties, as well as the ſpheroidical Form: —Suppoſe, for Inſtance, 
the Content of a Caſk of the 3d Variety to be 126 Wine Gallons, (whereofthe 


Diagonal, on the Rod, is 35.9 Inches, nearly), and that the Ratio of the Bung 


and Head-Diameters be as I to ,74. Then, by Tab. I. Pa. 182, againſt ,74, 


we have for a Multiplier. 8993; *. 2X N Z Will expreſs the 
. ; 4 2 ; , 4 


Length of the Caſk, and conſequently 2 35-9] —'-757* *. 899 Kl * 


=126X 23 1229106, or 2/1288.81—.7 571 X .8087x2 X .78 54==29106, 


whence x = 31.3 == the Bung-Diameter, and .. 31.3X +74 = 23.16 = the 


Head-Diameter, conſequently the Length (2 1288.81 —.7 5774) is 46.8. ; 


OTHzuwisr, ' 
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the Sum of the Bung and Head-Diameters, the 
Square Root of that Sum will give the Meaſure of 

*.- "28 


— @©Cww—— — r 


OTHERWISE, wit hont confidering the Magnitude of the Caſk, | 


If the Bung and Head-Diameters and Variety of a Caſk are known, we can 
readily determine the Length thereof, ſo that the Diagonal Line ſhall exhibit 
the Content of the Caſk, 2 
L et the Bung and Head-Diameters be repreſented by a and b reſpectively, r= 
| ,00272 the common Multiple of the Cube of the Diagonal, for Wine Gal- 
Jons ; alſo let A = the Area of a Circle in Wine Gallons, whoſe Diameter is 
= the Mean-Diameter of the Caſk 3 and x == Þ& the required Length thereof: 


——  —— 


Then will iv a +5 | + r = the Diagonal ; +, © ++ „ of 


2 


2 


—— 2 
"FERN T* N r=A X 2x. | 
Now if, for Example, a = 31.3, 6 = 23.16, and ſuppoſing the Cafk to 


be of the 3d Variety; then, by 7b. I. Pa. 182, againſt +74 ( S479 5 


| _ 3 
we have. 8993 for a Multiplier, whence the Mean-Diameter is (= . 8993 X 
31.3) = 28.148, A 2 2.69 Wine Gallons ; conſequently the above 


general Equation in Numbers, becomes 741.47+ x* X * 741.47 ed X 
+00272 2. 69 Xx 2x; whence x == 23-4, and .. the required Length (2x) 
is 46.8, the very ſame as before. | | 


__ ConoLrLranyr. 


Ii appears, from Sir Iſaac Newton's Methed of determining the Roots 
of Equations, that the laſt general Equation contains four impoſſible Roots, and 
the ether two will be found to be real affirmative Ones: This Circumſtance _ 
holds good in every Ratio of the Bung and Head-Diameters, except when the 
ſaid Ratio approaches ſo near to that of Equality, as 1 to . 898, in a 
ſpheroidical Caſk ; or as 1 to. 83 in a Caſk of the 434 Variety: — Whence it 
is plain, that, as the Ratio of the Bung and Head-Diameter approaches nearer 

and nearer to thoſe abovementioned, the Limits of the ſaid affirmatize Roots 
become narrower and narrower, till they (at laſt) coincide in the ſaid Ratios. 


In the laſt Example, x has two affirmative Values; i. e. 24.4 and 16: 
Whence it appears, that if the Ratio of the Head, Bung, and Length, of a 
| Caſk of the 3d Variety, be as 23. 16, 31.3, and 46.8, or 23.16, 31.3, and 

3 : 3 che Content thereof will be exhibited by the common Diago- 
nal Line. . e 

There are other general Methods for determining the Figure of a Spberoidi- 

cal Caſt, whoſe Content will be obtained by the Diagonal Rod: The follow- 


ing Inveſtigation is on a Suppoſition, that the Content of the Caſk, and the 
Ratio of the Bung and Head-Diameters are known, | | 


Let agg the Content of a Caſk in cubic Inches, Hits Dtagonal (on the Rod), 
and let the givenRatio of Head and Bung-Diam. be as u to 1, Pg. 73 54, and xz= 
| | the 


the 
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the Diagonal Line; againſt which were placed the 
Contents of the Caſk, in Ale and Wine Gallons, 
found by the Rule agreeable to the Variety of the 
ſaid Caſk : Then it will hold, as the Cube of that 
. Diagonal, 


—_— * „* 


— — — 1r — — r 6—k—» 
7 — 4 


* , 


the Semi-length : Then gz = 21 the Sum of the Bung and Head- 


2942— x2 


Diameters ; .*%, — . = the Bung-Diam, (for a: 1 :: Head: Bung, 


| | an Vda— 2% 
and by Compoſ. 1: 1:: HTB: B). . 8 = the Head; 
: d42— 2 2 42— 1 | 7 
whence we . - = E == — 47 Now if a 
| n + | 141 | 


be expounded by 1104 Wine Gallons, or25525.5 cubic Inches, the correſpond- 


ing Diagonal (d) by 34-4, and a by, 85; then the above general Equation in 


1 i mand —— | _ | pe | | : 1 32 | 
Numbers is 7 X .5236x 25525. 5, or 1183. 36K — x 
15376.8, whence x== 17.5, nearly; and . — — * = 32 the Bung, 


22 Vdi—x2 


| and . = 27. 2 the Head- Diameter, the very ſame as in Pa, 195. 


C0 1A x. 
Fence it appears, that, when = vaniſhes, the above Equation becomes 
„ 


= a, the Equation. for a whole Spheroid; therefore, if a 


r= 29106 (the cubic Inches in 126 Wine Gallons), and d = 35.9 the cor- 
reſponding Diagonal, we ſhall have x = 5.52, or 32.82, tor the Semi-lengths 
of a prolate and oblong Spheroid reſpectively, whence 35.47 and 14.55 


( da — x2) are reſpectively the two Semi- diameters thereof; conſequently 
if the Ratio of the Axes of a prolate Spheroid be as 5. 52 to 35.47. its 
Content will be truly exhibited by the Diagonal Line; but, to effect the ſame 
in an oblong Spheroid, the ſaid Ratio muſt be as 32.82 to 14.55. 


N. B. In the above Equation for the ſpheroidical Caſk (as well as in thar 
for a whole Spheroid), x has two poſitive Roots ; and therefore the other 
Value of x (in the Equation 1183x—x3 1576.8) will come out 22.05, 

| 2V dt —x* 


nearly j from whence the Bung ( 295 =) and Head-Diameters 


an di- 


— — ) are found = 28. 5 and 24.2 —_— 


: — 4 4 = - as 
en . —— — £ n — 
992 * 4 „V — — Wl rt Ne _— — 


— - — — — - he 
_ R 4 Rm —_ Sm —_ —_ LES - 2 * . St. A 
Kn W IS ot aL. SI oe LED IS . <= — * * 
e — * oe, — * 
— i — . 4 * - 5 
_ - FEY * _ e 


I. — + a, 
— tat 
* 5 * 5 


4 
M. 
"| 
"3h * 
1 
d 3 
þ 
» 
BY * 
$8 


198 A TREATISE of SECT. X. 
Diagonal, is to the Content of the Caſk in Ale or 
Wine Gallons, fo is the Cube of any other Num- 
ber (or Diagonal) propoſed, to the Content of the 
Caſk in Ale and Wine Gallons, anſwering to that 
propoſed Diagonal: Whence it is evident, that the 

Cube of the Diagonal of any Caſk and its Content 
(according to this Conſtruction) are always in a 
conſtant Proportion; therefore, if the Content of 
the Caſk firſt found (or any Other) in Ale and Wine 
_ Gallons be divided by the Cube of its Diagonal, we 
ſhall obtain (.002228 and .00272) two general Mul- 
tipliers, whereby the Cube of any propoſed Dia- 
gonal being multiplied, the Product will give the 
Content of the Caſk (on the Rod) in Ale and Wine 
Gallons reſpectiveljy. 

As the Diagonal Line is well known to be of ge- 
neral Uſe in practical Gauging z it may therefore 
not be amiſs to give a few eaſy Rules, whereby we 
ſhall be enabled to know when it may be applied 
with Certainty. _ 

The Content of every Spheroidical Caſe will be 
obtained by the common Diagonal Line, if the 
Proportion of the Head and Bung-Diameters and 
Length be as 27.2, 32, and 49.5; or as 27.2, 32, 
and 35 reſpectively : Or, in other Words, if the Quo- 
tient of the Head-Diameter divided by the Bung- 
Diameter be .85, and the Quotient of the Head- 
Diameter divided by the Length be either 557 or 
78. nearly, 

But if the Quotient of the Head divided by 
the Bung- Diameter, of any Spberoidical Caſt what- 
ever, be .85 (as above), and the Quotient of the 
Head-Djameter divided by the Length, ſhould be 
either leſs than. 32, or greater than .78; then will the 
Diagonal exhibit more than the true Content of the 
Caſk ; but of the ſaid MPs 3 is between 55 and 


+78, 
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rent. 


Under the ſecond of the above-mentioned Forms 
(or nearly), are comprehended all Rum Puncheons, 


Herefordſhire, &c. Cyder Hogsheads, and half Hogs- 
keads; and many other Caſks to be met with in 
Rice 

The Diagonal Line will ew the true Content 
of every Caſk of the 3d Varieiy; whoſe Head, 
Bung-Diameter, and Length, are as 23.16, 31.3, 


and 46.8; or as 23.16, 31.3, and 32 reſpectively: 


Or, Which is the fame Thing, if the Quotient of 


the Head divided by the Bung-Diameter is . 74, 


and the Quotient of the Head divided by the 


Length be either . 5 or .73, nearly. 


Burt if the Quotient of the Bung and Head-Dia- 


meters of any Caſk of the 3d Variety be.74, and the 


Quotient of the Head-Diameter divided by the 


Length be either Jeſs than. 3, or greater than. 23 


then the Diagonal Line will exhibit more than the 
Content of the Caſk ; but if the ſaid Quotient is 


between g and .73, then the Diagonal will ſhew 
leſs than the Content. 


Hence it appears, that the true Content of Liſbon 


Wine Pipes (being of the 3d Variety) will be nearly 


obtained by the Diagonal Line, and alſo that it 
will exhibit more than the Content of Port Pipes 
(of the 3d Variety); becauſe the Quotient of the 
Head-Diameter divided by the Length is always 
leſs than . f. 

It moreover appears, that a Mountain Butt, if it 
is of a ſpheroidical Form, will be ſomewhat under- 
gauged by the Diagonal Line; but if zz is of the 
2d Variety, the Diagonal Line will then, very nearly, 
exhibit the true Content: For the Content of a 
Caſk of the 3d Variety, whoſe Head, Bung-Dia- 
meter, and Length, are as 26, 6, 22, and 41.4 


reſ aer 


78, the Diagonal will give leſs than the true Con- 
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% Mien, Renk. 
reſpectively (which is nearly the Form of Moun- 


tain Butts) will be obtained by the Diagonal 


Line. 

Beſides the peeve Forms of Caſks, a vaſt 
Number of others might be pointed out, whoſe 
Contents would be truly exhibited by the Diagonal 
Line; but as the greateſt Part of thoſe Caſks 
are ſuch as never can occur in the Practice of 
Gauging, it may therefore ſuffice to put down the 


following Table, and to make one Remark farther, 


which will, I apprehend, be of Uſe to know : 
That is. if the Quotient of the Hesd- Diameter 
divided by the Bung- Diameter be more than .9, in 


a Spheroidical Caſt, and greater than . 83 in a Caſk 
of the 3d Variety; then will the Diagonal Line 


ſhew more than the Content of the Caſk, let the 
Length thereof be what it will. 


ND Fpberoidical Caſts. 34 Varia. 
a Quotient of the Quotient of the | Quorien of the 
| Head-Diam. di- Head-Diameter di- ead-Diameter 
vided by the vided by tne divided by the 
Bung-Diameter, Length. ; Length. | 
65 = = = „36 r. = = = 416 or «75, nearly, 
F)) y ĩ· 0G 
Z Ke 436 or 85 — — „5 2 73 
8 —— = 49 or 8 — — = 57 67 
83 e "<0 1 89  -w 64 n 
835 = = = „ or 78, nearly. 
9. r. — * — 


This little Table 4 at one View, eleven 
different Forms of Spheroidical Caſts, and nine 
different Forms of the 3d Variety, whoſe Contents 
will be truly obtained by the common Diagonal 


Line: And, from what is delivered in the foregoing 
Pages, it will be eaſy to know whether the Diagonal 


Line exhibits more or leſs than the true Content of 


the Caſk; provided the Quotient of the Head-Dia- 


meter thereof divided by the Bung-Diameter, is e- 


qual to any of thoſe in the preceding Table. 


SECTION. 


P C—— 


SecT. XI. GAU G I N G. 201 


JECTION XL 
Or ULLacingG or Casks. 


1 H E Method now practiſed in the Ullaging ” 
of Caſks, whether lying or ſtanding, is by 91 
the Lines of Segments on the Sliding-Rule (deſcri- | 
bed in Pa. 32, &c.) Though other Methods may 
indeed be given, far more general and accurate; yet I 
there ate none, that have occurred to me, but what "nn 
will, perhaps, be thought too tedious for practical 
Uſe. . 8 1 
The ingenious Mr. William Yeo (in a whole 
Treatiſe upon Ullaging, publiſhed in the Year 
1749) has compured very accurate, extenſive, and 
familiar Tables of Segments, not only for one 
particular Sort, but for eight different Forms, both 
of ſtanding and lying ſpheroidical Caſks: From 
theſe Tables we can readily determine what two 
Forms of ſpheroidical Caſks agree, very nearly, 
with the Lines of Segments on the Sliding-Rule : 
— Yiz. The Ullage of every ſtanding ſpheroidical 
Caſk, whereof the Quotient of the Head divided 
by the Bung-Diameter is .82,* will be, very nearly, 
SE OG ; obtained 


—__—— „* —k— 


ke. ** * * 


* It appears, in the Tables above cited, that the 6th Column for ſtanding 
ſpheroidical Caſks (where the Head divided by the Bung- Diameter is. 81, . 82, 
83, or. 84) anſwers beſt to the Line S. S on the Sliding-Rule; therefore let 
+32 ( which is near the Mean of the Four) be taken for the Quotient 
of the Head divided by the Bung-Diameter; then will the Ullage of any 
ſanding Spherordical Caſk, having that Property, be (very nearly) obtained by 1 5 
the Sliding-Rule, Jet the Length of the Caſk be what it will : For we ſhall prove | 1 
in a Corollary farther on { Pa. 207.) that in any two ſtanding Spheroidical Caſks, 
having the ſame Ratio of Bung and Head-Diameters, and alſo the Quotient 
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202. ATLANTIS Ster. XI. 
- obtained by the Line S. S, and thoſe marked A and 
B on the Sliding-Rule : And the Ullage of a lying 
Tpheroidical Caſk will be zearly found by the Sli- 
ding- Rule, when the Quotient of the Head divided 
by the Bung Diameter is .75, and the Quotient of 
the Head-Diameter divided by the Length is .5.+ 
Moreover, it is eaſy to perceive, from the fore- 
mentioned Tables, that, in any ſtanding ſpheroi- 
dical Caſk, if the Quotient of the Head divided 
by the Bung-Diameter is leſs than .82, the Ullage 
then obtained by the Lines S.S and A and B, will 
be too much, if the Caſk is leſs than half full; and 7% 
little if above half full: But, on the contrary, if 
the ſaid Quotient is greater than. 82; then the 
Ullage, found as above, will be 700 little, if the 
Caſk is leſs than half full; and too much, if more 
than half full. Es 


1 - 


Again, 


— 


of the wet Inches of each Caſk, divided by its reſpective Length, equal to 
each other, the Ullages of thoſe two Caſks will be in the Ratio of their 

whole Contents. | | | 
Bout, with Regard to lying Caſks, the Caſe is different; for the Ullages 
of any two lying Sphercidical Caſts, having different Lengths, and the Bung 
and Head-Diameters and alſo the wet Inches the ſame, will not (except 
when the Caſks are exa&ly haif full) be to each other in the Ratio of the 
whole Contents of thoſe Caſks: Hence it appears, that the Line S. L on 
the Sliding-Rule can only anſwer to one particular Form of Spheroidical 
Caſks, i. e. ſuch, whoſe Head, Bung, and Length, are in fome conſtant 
Ratio: In Order to determine which, proceed as follows, | 

+ In the foreſaid Tables, for lying ſpheroicical Caſks, it appears that the Seg- 
ments which anſwer neareſt to thoſe on the Sliding-Rule, ſtand under theſe Ra- 
tios of the Bung and Head-Diameters, viz..74, .75, and. 76: Suppoſe, for In- 
- Nance, we take ,75 (as being the Mean); then, by the well-knwon Thevrem for 


ſpheroidical Caſks, 2.752 % .7854 X =_ = T3 „ 67087 == 1, and 


1 "ow = 1.5, the required Length, nearly, 


Hence, the Quotient of the Head divided by the Bung-Diameter is. 7 5, 


and the Quotient of the Head- Diameter divided by the Length (bd) 1s. 5: 
Or, which is the ſame Thing, the Head, Bung-Diameter 4 nd Length, are 
a 24, 32, and 48; whence the Ullage of every lving ' e roidical Caſhy 
having this Property, will be nearly obtained by the Sliding 1% ute, 
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Again, it appears by theſe Tables, that ina lying 
ſpheroidical Caſk, it the Quotient of the Head 
divided by the Bung-Diameter be leſs than .75, 
-and the Quotient of the Head-Diameter divided by 
the Length be leſs than . 3, the Uilage found by 
the Line S.L and the Lines A and B, will be too 
much, if the Caſk is leſs than half full; and 700 
little, if above half full: But if the ſaid Quo- 
tients are greater than .75 and. 5; then the Ullage, 


found as above, will be zoo little, if the Caſk is 


Jeſs than halt Wy and too much, if above half 
Ul: 

Ir may be proper to obſerve to the practical Rea- 
der, that, in ullaging by the Sliding-Rute, we are 
much more ſubject to Error i in lying, than in ſtand- 
ing Caſks. 


To find the bu. 7 a Caſe by ihe 9. lie 


Rule. 


PRO p. I. 


7 be Length (or Bung-Diameter ), wet Inches, and 
Content, of a ſtanding (or lying) Caſk being given; 10 
find the Ulage thereof. 


GEN EAAL Rus. 


To 100 on S. S (or S. L) ſet the Length (or 


Bung Diameter) on the Slide N; then K. the 
wet Inches on N, is the Segment on S. 8, if a ſtand- 
ing Caſk; or on S. L, if a lying Caſk : Again, to 


100 on A, ſet the whole Content on B; then op- 
poſite the ſaid Segment on A, is the cha Ul- 


lage on B. 
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Let the Content of a ſtanding Caſk be 142 Gal- 


lons, the Length 52, and the wet Inches 20; to 
find the Ullage, or e of PR in the 


Caſk. 


To 100 on S.S, ſet the Length 52 on N; then 
againſt the wet Inches 20 on N, is 37 the Segment 


on S. S: Again, to 100 on A, ſet the whole Con- 
tent 142 on B; then againſt the above Segment * 
on A, is 525 Gallons, the required 9 on n B. 


Ex AM p L E 2. 


Suppoſe the Content of a lying Caſk to be 112 
Gallons, the Bung-Diameter 33, and the wet In- 
ches 22.5; to find the Ullage. 


To 100 on S. L, {et the Bung-Diameter 33 on 
N ; then againſt the wet Inches 22.5 on N, is 
74.5 the Segment on S. L.: — Again, to 100 on 
A, ſet the Content of the Caſk 112 on B; then 


againſt the ſaid Segment 74.5 on A, is 83. ; Gal- 
lons, very nearly, on B. 


After the Segment of a Caſk (either ſtanding or 
lying) is found, the Reſult, from the Remainder 


of the Operation, will be the very ſame as above; 


if to 100 on A, we ſet the Segment (inſtead of the 
Content of the Caſk) on B, and look againſt the 
ſaid Content on A, for the Ullage on B.* 


In 


** 
„ 


5 N 


The Villages of two ſtanding ſpheroidical Caſks (whoſe Bung and Head- 
Diameters are to each other in the ſame Ratio, and the wet Inches of each Caſk 
in the Ratio ef their Lengths) will be to each other as their nel Contents (ſee 


Pa. 


Sa 


1 

4 

ö 
p j! 
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In the laſt Example, the Segment was found to 
be 74.5 : Therefore to 100 on IN, let 74.5 on B; 
then 0 the Content 112 on A, is 83.5, very 
nearly, on B, the ſame as before. 
It may not be amiſs to obſerve, that after the 
Segment of any Caſk is found (as above) by the 
Lines S.S and S. L, the Reſt of the Operation may 
be performed, withour the Lines A and B, by onl 
multiplying the whole Content of the Caſk by the 
ſaid Segment; the Product thereof, after pointing off 1 
two Decimals more than are contained in both the 1 
Content and Segment, will be the required Ullage. 
Isa the preceding Example, the Content of the 
| Caſk is 112 Gallons, which being multiplied by 1 
the Segment 74-5, the Product is 8344.0; there- 1 
fore, by cutting off two Decimals more, we have 
83.440 Gallons, the e Ullage, the Jane as 


above. Il 
If it was required to find the Vacuity, or the ' 
Quantity of Liquor drawn out of a Caſk, the \q 


Method of Operation will be the very ſame as any 


of thoſe given above; ouly obſerve to uſe the dry 
Inches, inſtead of the Wet. 


Prop. 


——_— 


Pa, 207) : Therefore let 2 1 the Content of a Caſk, whoſe Ullage is 
ſought, and & the Segment (or correſponding Ullage) of a Caſk, whoſe Content 


g | | aXb | 
is 100 Gallons ; we ſhall then have, 100: 4 :: 5: ts alternately, 
| | | 00 | | 


axb 
100 


100: 5 1 4 : Whence it is plain, that the Reſult will be the very 


ſame, whether @ or 5 {on B) is ſet to 100 on A: Moreover, dividing the 
Product (a x by 100, is manifeſtly the ſame, as cutting off two Decimals 
more than are contained in the Factors à and 6. 
The ſame is to be obſerved in two lying Caſks, only thoſe indeed myth be 
ſimilar in every Reſpect, and conſequently the Segments (or Ullages) will be 


ſo too, provided the wet Inches and Bung-Diameter of each Caſk are to each 
other in the ſame Ratio. 
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PA O P. II. | 


The Bung and Head Diameters, Length, and wet 
Inches of any ſtanding Spheroidical Caſk being given; 


bo determine the age . 


Rl K 


1. Divide the Square of the wet Inches by three 
times the Square of half the Length of the Caſk, 
to the Quotient add Unity, and from this Sum 


ſubtract the Quotient of the wet Inches divided by 


half the Length of the Caſk, and note the Diffe- 
rence. 
2. Multiply the Sum of the twa given Diame- 


ters by their Difference, that Product multiply by 
the wet Inches, and this Product multiply by the 
above noted Difference; then let this laſt Product 
be ſubtracted from the Square of the Bung Diame- 
ter multiplied by the wet Inches, + he the Re- 


mainder being 5.0027851 for Ale Gallons? 
1 for Wine Gallons 55 


359 for Ale Gallons 7 4 TE 
divided by 2450 for Wine Gallons A the Pro- 


duct, or 5 gives the required Ullace. 


EXAMPLE. 


+ Let the Bung-Diameter (CD, Fig. XIV.), Head-Diameter (Er « or 
GH), and half the Length (OL or OM) of a Spheroidical Caſs (in Inches ), 
be denoted by 35, h and J reſpeCtively ; alſo let p = .78539, the Semi- 
tranſverſe Axis (Ao) of the whole Spheroid = v, and the variable Diftance 


£6? 


* 


5 | 


252 


the Section ar; therefore — X vix—l.x-palxx—x*x is the Fluxion of 


ehe 
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EXAMPLE. 


Let the Bung· Diameter of a ſpheroidical Caſk 


be 35 Inches, the Head-Diameter 28.7, the 


Length 40, and the wet Inches 30 required the 
Ullage, in Ale and Wine Gallons. 


OPERATION. 


. 
the required Solid, whoſe Fluent is 2 = * —72-＋Ix2—— 5 but, by 
85 M | OS 


the Nature of the Curve, 52 = Xx 2 — 12, 2 = eee | 
| W Be . 


which 


| | | 2 
being ſubſtituted (for *) in the above Expreſſion, we get = — . "BY 


6212 © 


22—52 


7 7 X þ2— hz "Bae x3 
77—55. er r wry - (= TS 42. 


* 52 — 


þ 
bo + —— TT? 


" x gn 75 = ph + NX = x 


Xx ð4 ĩ 
7 
ö QE. I. 


Co 10 LEARN 1. 


When, in the 3 Expreſſion for the Ullage, x = 2/; we then get 


2 


—_ 2pl 
, or its Equal, * X 242 +42 + 42, for the whole 


2pÞ21+ 2pl x — 
Content of a foheroidica) Caſk, in cubic Inches, 

: ConoOLLARY 2. 

Hence we can eaſily deduce the Reaſon of that Aſſertion in the Note, Pa. 


201: — For it is evident (ſuppoſing 7 to remain the ſame) that 7 1 — 


== will be a conſtant Quantity; and therefore (& and b being conſtant) the 


* 


Expreſſion (pb*x+px X 1 1 Tr for the Ullage, let / be 
what it will, is evidently as x, the Altitude of the Segment; but x and / (by 
4 Hypotheks) are in a conſtant Ratio, and , the above Expreſſion (in a0 
Caſe 


8 — = 
þ2 3 


A eG Ir, the Content ( in Inches) of the variable Part F Eur. | 
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1 OPERATION. 

4 The Square of 30 (the wet Inches) is goo, 
4 which being divided by 3 times the Square of 20, 
4 half the Length of the Caſk (viz. 1200), the 
5 Quotient will be. 75, to which add Unity, and it 
1 becomes MY . . 2 2 | 1 . . « 1.75 

U Subt. the Quotient of 30 divided by 20, viz. 1.5 

* Difference note . 25 

bp The 
{ Caſe) will as as l, the whole Length of the Caſk, which is manifeſtly as the 
Al whole Content thereof, þ and þ remaining the ſame ; conſequently the above 
Fl Expreſſion (for the Ullage of any ſtanding Spberoidical Cat, when b, þ and 

4 - remain the ſame, will be to the whole Content thereof in a conſtant: 
i Ratio, let its Length be what it will. 

| | | 0 THER WISE, more generally. | 

1 Let h and þ denote any two Numbers whatever, in a conſtant Ratio to each 

A other, and let — be ſuppoſed a conſtant Quantity: Put 7 —— 2 

4 


(being in this Caſe conſtant) n; then the foregoing Expreflion for the Ullage 


IS — :bG ũ 


becomes px X 6* ＋ 52— 57 X *; but the whole Content of che Caſk is 


. 
* 


1 
4 * 
'$ 
45 
77 1 4 
1% 
. «2 
A : 4 
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We 
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(by Cor. 1.) expreſſed by nt X 26> , we mutt therefore prove whe- 
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„ ES 
ther or not px X 52 + 6*—4? X u is to 2 X 267 +42 in a conftant 
of ; | 


Fs, 
— 


— — 
= "E 
ale 
IS 


2 
1 > 
£7 * 


ö 


* - — I 
» - — 

td ED 5 — — Be. 
2 Fe A Mr - 

r 4 

v E 7 

n a r 
1 N 


Ratio, under the above-mentioned Circumſtances : F irſt then (by Hypotheſis) 


— 


1 2. => 5 | | 
px: E (or x : ) in a conſtant Ratio; it therefore now remains to 


3 


prove that 52 + 5-5 Xn (or * ＋ r X b—# Xx n) is to 26 * lh 
+ þX in a conſtant Ratio: Now it is evident, that every Factor (Ci. e. 6, 
þ+b, 5—5, and þ) contained in the Terms of the Ratio will be equally 
affected by any Multiple, or Part, of 5 (and þ) being taken; .. the four 


| Quantities, or Rectangles (bx(b, W X b—b Xn, 2bX6b, and BX 9. 
vis. tuo in each Term of the propoſed Ratio, will be each of them 
| | | augmented, 
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The Sum of the two Diameters is 6 3.7 
ape by their Diferure 6. 5 


1911 
A904 


* 


Gives 401.31 
Multiplied by the wet Inches 30 


—— — __ 
6—— 


Gives 12039. 30 
' Multiplied by the above noted Diff. 2 5 


The Product 1 IS — 82 "I 


The Square of the Bung Diem (35) is 1225 
Multiplied by the wet Inches 3 


Product is 36750 
FP rom which take the laſt Product 3009. 82 5 


Remains 33740. 175, 
which being multiplied (or divided) according to 


the PRO Rule, we ſhall have 94 Ale Gallons 
| 3 and 


zusmented, or diminiſhed, alike, and conſequently X þ + bb Xx b—b 
Xn: 2bxb+bXtina alan Ratio; this being multiplied by two 7 
which are (by Hypotheſis) alſo in a conſtant Ratio to each other (i. e. px and 


2 , the Products muſt alſo be in a conſtant Ratio; that is, Ex X 
po oP" 2 | 


ar bÞ Xn : * * 262 + þ* ina conſtant Ratio, let 5 and 5 


be what they will (in a conſtant Ratio), and * a conſtant Quantity: 


That is, in Words, let any two ſtanding ſpheroidical Caſks be taken, whoſe 

ung-Diameters and Head-Diameters are in the ſame Ratio to each other, 2nd 
alſo let the wet Inches of each Caſk be to each other in the Ratio of their 
Lengths; then will the Contents of thoſe Ullages be to each other in the Ratig 
of the whole Contents of the Caſks, let their Lengths be what they will, 
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and 114.7 Wine Gallons, the Contents of the re- 
quired Ullage. 

The whole Content of the foregoing Caſk (by 
the Rule in Pa. 161) is 148.5 Wine, and 121.5 
Ale Gallons; whence, by the Sliding-Rule, the 
Contents of che Ullage will come out the very 
ſame as thoſe above: The Reaſon whereof is, be- 
cauſe if the Head-Diameter (28.7) is divided by 
the Bung- Diameter (35), the Quotient will be 

e $01, 

The preceding Rule is rin true for deter- 
mining the Ullage of any ſtanding ſpheroidical 
Caſk whatever; and, though rather too tedious for 
ordinary Practice, will, [ apprehend, be found 
more expeditious than any General Rule hitherto 

wen for that Purpoſe ; there being no Neceſſity, 
5 this Method, for previouſly finding the Content 

o the Caſk, before that of the Uliage. 
But if there be known (beſides the Dimenſions 
ziven in the foregoing Propoſition) the Diameter 5 
of the Liquor's Surface, we can readily determine 
the Ullage of any upright Caſk, let its Variety be 
what it will, 

For let a Mean-Diameter, and conſequently the 
Area in Ale and Wine Gallons, correſponding to 
the Biing-Diameter and the Diameter of the Li- 
quor's Surface, be found, agreeable to the Variety of 
the Caſk, as already taught in Se. X; then this 
Area. being multiplied by the Diſtance of the Sur- 
face of the Liquor from the Bung-Diameter, and 
that Product added to, or ſubtracted from half the 
Content of the Caſk, according as it is more or le/5 
than half fall; the Sum, or Difference, will be the 
: required Hegg. 

From what has been une 7 Ser. IX. Pa. 
171) we might eaſily deduce Rules for computing 
the Diatnerey of the Surface of the Liquor, at any 

F | | given 
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given Altitude of an upright ſphereidical Caſk, of 
that of a parabolic Spindle : But the following Me- 
thod is far more expeditious, and will be ſufficiently 
exact, for any of the three Varieties. 

Suppoſe, for Example, the Diſtance br (ſee the 
Fig. Pa. 157) to repreſent the wet Inches; then care- 
fully meaſure the perpendicular Diſtance ad, the 
Double whereof being taken from the Bung-Dia- 
meter AB, leaves the Diameter of the Liquor's 
Surface. 


Let, for Inſtance, the Bung and Head-Diame- 

ters, Length and wet Inches of a ſpheroidical Caſk 

be the ſame as in the preceding Example, alſo let 

the Diameter of the Liquor's Surface be 33.5 In- 

ches, found (in this Cale) by the Rule in Pa. { $: ; 
8 gy the Ullage i in Wine Gallons, 


OrraATTLOx. 


"thang. Head. Quot, 
35) 33-50 (+90, nearly. 


Then (by the Method in Pa. 186) a gainſt 96, 
in . Column for ſpheroidical Caſte, we 
have | 67 

Which being multiplied by the Difference? 
of the Diameters . . « «. » 5 


335 
67 


5 3 


l oo , 
Add the Head-Diameter "3 wg: 


Mean-Diameter 34: 505, che 
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Area whereof in Wine Gallons is 4.04, Sc. 
Multiply by the Diſtance of the nf 


quor 's Surface from the B. Diam 


Gives 40.40 
Add half the Content (ſee Pa. 2 70] 74-25 


Gives the Ullage | 1 14 65 Wine Cal. 


lons, the ſame as before. 


The Buſineſs of finding a Mean-Diameter ( See. 


X.) being now rendered very exact, expeditious, 


and general, for any of the three Varieties; it is 


therefore preſumed, that the preceding Method of 


computing, by the Pen, the Ullage of any ſtand- 
ing Caſk (and alſo that which follows for lying 


| Caſks), will be found preferable to any other that 
can be given. e 


Prop. II. 
e Bung and Head. Diameters, Length, Pariety, 


and wet Inches of any lying Caſk (leſs than Half full ) 


being known ; to find the Quantity of 88 therein, 
in Ale and Wine e 


Ru LE. 
Let the Mean-Diameter be found (ſee Sec. X.) 
agreeable to the propoſed Variety of the Caſk: 
From the wet Inches ſubtract half the Difference 


between the Bung and Mean-Diameter, and divide 
the Remainder (with Cyphers annexed, ſee the 


Rule in Pa. 93) by the Mean-Diameter then, 
againſt the Quotient, under the Letter V.S, in 
the Table of the Areas of the Segments of a 


Circle, we have a Decimal Fraction, which being 


multiplied by the Square of the Mean Diameter, 
that 
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that Product multiply by the Length of the Caſk, 
and this laſt Product divide by 282 for Ale, and 


231 for Wine Gallons, the Quotient will give the 
Ullage ſought.“ | 


EXAMPLE. 
| Suppoſe the Bung-Diameter of a ſpheroidical 
Caſk is 32 Inches, the Head-Diameter 24, the 


Length 48, and the wet Inches 14; required the 
Ullage ia Ale and Wine Gallons. 2 


OPERATION. 


3 ——_— — „ „ Ati. 


* Let BCEF (Fig. XV.) repreſent a lying Caſk, a6 its Mean-Diameter, 
Ad the wet Inches: — Then, ſuppoſing RA drawn parallel to the Axis s n, 


* AD — 26 f | 
it is plain that Ae (= bc) = — r the Difference between the Bung 


and Mean-Diameter; ., Ad (er) — Ae = br = the verſed Sine of the 
Segment of a Circle whoſe Diameter is ab, Now let the Meaſure of a Seg- 
ment of a Circle, whoſe Diameter is Unity, (in the preſent Caſe = x Inch) 
be denoted by A, the Mean-Diameter ab==b, and the Length an (=wvww) =! ; 
then, by the Theorem, Pa. g1, 1*: 6*:: A: bi A == the Meaſure of a Seg- 
ment of a Circle {whoſe Diameter is ab) ſimilar to that of A; conſequently 
SA =the Meaſure (in Inches) of the Ullage ABvwF, Q. E. J. 


COROLL AR . 


If A repreſents the Meaſure of a Segment of a Circle, whoſe Area is 
Unity (i. e. one Inch), & and / as before: — Then, becauſe the Areas of 
Circles are as the Squares of their Diameters, we have x : 5*X.7854 :2 A 
: .7854b2>X A = the Meaſure of a Segment, fimilar to that of a,, 
+78 5442] A = the Meaſure of the Ullage ABswF in Inches, nearly ; 
that is, the Segment in the Table, in Everard's Gauging (where the Area 
of the Circle is Unity), being multiplied by the whole Content of the Caſk, 
gives the required Ullage : But the Methods exhibited above are more 
expeditious ; becauſe we are, by thoſe Methods, under no Neceſſity of, 
previouſly, finding the whole Content of the Caſk; and moreover, the 
Ullage may be obtained with the ſame Expedition, whether the Caſk is more 
or leſs than half full, provided the Table of Segments of a Circle was con- 
tinued to 1000 Places, or to the Area of the whole Circle, 7. e. to .785398, 
Sc. Which indeed may be very eaſily effected, inthe following Manner, 

From .,785398 (the Area of a Circle whoſe Diameter is Unity) ſubtract, 
| ſucceſſively, the Segments anſwering to the verſed Sines . 499, . 498, 4497s 
and .496, Sc. and the Remainders will ſhew, reſpectively, the Meaſures of 
the Segments correſponding to. 50 1, . 502, . 503, and «504, Cc. Parts, of 
Inity, or the Diameter of the Circle. | 
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OPERATION: 


The Bung-Diameter 8 
TheM. Diam. found by the Rule, P. 186 29.57 


8 


Difference 2:43 


Half F ee is 1.21, which 
being taken from 14, the wet Inches, leaves 12. 793 


then 
M. Diam. M. Wet. Quot. 
29.57 ) 12. 790000. 432 


Againſt. .432. under the Letters V.S, in the - 
Table of Segments of a Circle, is . .324909 
Multiplied by the Square of 29.57, 
| the Mean-Diameter, DE Py 874. a 

Product is 284. 0939. 

N by the e i : 48 


m — 


22727512 
11363756 : 
Product 13026-5074. 8 
282) 13636 507(48. 16 Ale Gallons. 
231) 13636 507(59.032 Wine Gallons. 


Bur if it be required to find the Quantity of Li- 
quor drawn out of any lying Caſk, when leſs than 
half full, or remaining in it, when above half full, 


5 proceed as follows. 


Find, by the preceding Rule, the circular Seg- 
ment in the Table correſponding to the wet 
Part of the Caſk, when leſs than half full, or to 


the dry Part, when more than Half; which being 


ſubtracted from 785398, the Remainder will be 
the Meafure of a Segment fimilar to the wet = 
* 
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dry Part of the Caſk reſpectively; this being mul. 
tiplied and divided, as in the preceding Rule, gives 
the Ullage ſought. | | 


Let it be required to find, in the foregoing 
Example, the Vacuity, or Quantity of Liquor 
drawn out of the Caſk; the Operation will be as 
follows. op 
From the Area of a Circle, whoſe Diameter is Uni- 
PE. (Go PIE ðò . TE BS, 

Subtract the Segment anſwering to the ⁊ ne: 
Wet Part (ſee Ps. 214). / F -324909 


Leaves a Segment ſimilar to that correſ- 6 "iN 
ponding to the dry Part of the Caſk 84 — 
Multiplied by the Square of the Mean- 

UT WS +. + +. + + 8 874.38 


Product is 402.6423 
Multiplied by the Length 48 


23221108384 
16103692 


Product 19 326.8304 
282) 19326. 8 30068. 534 Ale Gallons. 
231)19326.8 30(8 3.665 Wine Gallons. 


The Method of Operation for finding the Quan- 
tity of Liquor in a lying Caſk, more than half full, 
is the very ſame as bat given above; except, that 
the Segment (in the Table) muſt be found for 
the dry, inſtead of the wet Inches 


The foregoing Method of ullaging a lying Caſk, 
though not ſtrictly true, is more exact than any 
ether that has yet occurred to me, and may be 

; e er RTE.» applied, 


© > — = 
FR arts + 
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applied, with equal Facility, to any of the three 


Varieties; becauſe it chiefly depends on the Mean- 
Diameter, which is now obtained with great Eaſe 


and Exactneis, let the Variety of the Caſk be what 


it wil!: (See 825, X.) — It may, however, be pro- 
per to obſerve here, that the Quantity of Liquor 
in a lying Caſk, obtained by the preceding Me- 


thods, will be #90 much, if it be more than half 


full; and zoo little, if leh than half full ; but the 
greateſt Error that can poſſibly happen, either in 


Exceſs or Defect, will be wholly inconſiderable 1 in 


the Practice of Gauging.“ 


Note. It may be proper to mention a Circum- 
ſtance, which was accidentally omitted in Sec. X. 


Viz. If the exact Quotient of the Head (or leſs) 
Diameter divided by the Bung (or greater) Diame- 


ter cannot be found in the 7 ables (ſee Pa. 185, Sc.); 
then the Mean-Diameter will differ a ſmall Matter 
from the Truth; but the greateſt Difference that 
can ever happen, by the Tables, will be wholly in- 
conſiderable in Practice, and that Difference l 


even become leſs, if we obſerve to take out the 
Multiplier which anſwers the neareſt to the ſaid 


Quotient: Thus, let the Head-Diameter be 21.7 


and the Bung 32 Inches; theſe being divided as 


above, the Quotient will be . 678, Sc.; therefore 


* 


the Number againſt .68 (in any of the Tables) will 


be more exact for a Aae than that againſt. 6 7. 


. ä 0 ” 4 a. 


— 


* It is very evident (ſee Fig. Xv.) that, when the wet Inches are equal 


therefore the Quantity of Liquor in the Caſk (according to this Method of 


to . leſs than Ae) half the Difference between the Bung and Mean- Diame- 
ter, the verſed. Sine, and, conſequently, the mean wet Inches vaniſh ; and 


finding the Ullage) will be = o, when the wet Inches are equal to Ac, or 


leſs than that Diſtance : Which is abſurd, — Whence it follows, that the 
Quantity of Liquor in a Caſk (obtained by this Method) will be a ſmall Matter 
! if leſs than half full; and too much, when above half full. 


— 


SECTION 
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SECTION XII. 


Or meaſuring Curv-LineD PLANES, 
by Approximation. 


H E general Method of approximating the 
Areas of curvilineal Planes, by Means of 
any given Number of equidiſtant perpendicular 
Ordinates (or Diameters), was firſt demonſtrated 
by the moſt illuſtrious NewToN, and is well known 
to be a Subject of very great Importance in ſpecu- 
lative Mathematics. 

And although this general Method has already 
been 5 to the preſent Subject (particularly, 
firſt of all, by that excellent Mathematician Mr. 
Robert Siricliche, in his Theory and Practice of 
Gauging, and afterwards by my late worthy and 
ingenious Friend, Mr. Samuel Farrer, in the Ap- 
pendix to Overley s Gauging), yet we find it has 
not ſufficiently merited the Attention of every 
practical Gauger, which, it is preſumed, is owing 
to the Tediouſneſs of the Rules hitherto laid 
down. 

For this Reaſon, 1 _ endeavoured to put the 
| Matter in as clear and practical a Light, as the 

Nature of the Subject can poſſibly admit of, and 

have illuſtrated the ſame with ſuitable Examples : : 
—— And moreover, to oblige the ſpeculative 


Readers, I have given, in the ſubjoined Note“ the 
F $i Demonſtration 


- 
2 n 
——_ 
6—— 


PROPOSITION, 


* Suppoſe the black Curve-line wnp (ſee Fig. XVI. to repreſent 4 ſmall | 


Portion of any Curve whatever, and the dotted Line vnp @ ſmall Portion of @ 
common 
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Demonſtration of this Method ; (which indeed does 
not eſſentially differ, except in one Circumſtance, 
5 from 


_ * —_—_ — 


——_—. 


common parabolic Curve ; eaeb paſſing through the Extremities of the three 


eguidiſtant Perpendiculars Av, Bn, Cp : To find an Expreſſion in Terms of thoſe 
* Ordinates (or Diameters), and their common Diſtance AB (BC, &c,), that 
ſhall accurately meaſure the parabolic Space, and conſequently that comprebended 

the black Curve-line vnp, the Right-line AC, and the Perpendiculars Av, 
& indefinitely near. Cs PS tes 1 


Suppoſe the Axis (PQ) of the (parabolic Curve, to be parallel to the 
Ordinates of the propoſed Curve, draw the Right-line (or Ordinate) 22 
and parallel thereto draw Mas, which is well known to be a Tangent to the 
parabolic Curve, ar the Point ;, produce Av and Cy to meet MS in mand 5: 
Then becauſe it is proved, by the Writers on Fluxions, that a Parabola is 
two-thirds of a Rectangle of the ſame. Baſe and Altitude; it follows, from 
the very ſame Principles, that the parabolic Area wnpwwy, is two-thirds of 
the Parallelogram vm. — Now it is evident, from common Geometry, 

Am + Cs 


that Bu (= = 8 ) X 2AB is equal to the Area of the quadrilateral 


Space AmiC, and alſo that the Area of the Quadrilateral AwwpO is expreſſed 


by Av T Cy (2Bw) & AB; moreover it is plain, that the Quadrilateral 
Am C is greater than the parabolic Area AvnpC, by exa#ly half what the 
Quadrilateral AvzvpC wants of that Area; conſequently twice AmsC (== 
twice the parabolic Space AwnpC ＋ - wnpw, or twice wmnp} added to 
AvwpC, gives three times the parabolic Area AvnpC ; which Area alone, 


Bu x 2AB + Av + Cp X 
will therefore be, accurately, expreſſed by — >aB T == Cp x AB „or 


, 7G 3 
Avt4aBn+Cp X 2 ; and therefore, when the three Ordinates (or 


Perpendiculars) are taken pretty near to each other, the common parabolic 
Curve paſſing through their Extremities, will, wery nearly, coincide with any 
other Curve, paſſing through the ſame three Points: Becauſe, as a Parabolic 
Curve has an infinite Variation of Curvature, it may be juſtly conceived to be, 

very nearly, coincident with any other Curve for a ſmall Diftance ; Whence it 


is plain, the above Expreſſion (TAB CY X 


) will exhibit the ac- 
curate Meaſure of the parabolic Space AvnpC; and conſequently (ver 
nearly) of that bounded by the Righr-line 40. the Perpendiculars Ales? : 
and any 'Curve-line paſſing through the Extremities (v, u, and p) of the 
three equidiftant Perpendiculars Av, Bn, and Cp. Q. E. D. 


 CororLany 1. 


From hence it is eaſy to deduce a general Rule for determining. very nearly, 
with any odd Number of equidiſtant Ordinates, or Perpendiculars whatever, 
the Meaſure of any curvilineal Plane, bounded at its Ends by Right-lines, 
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from what is given by that incomparable and moſt 
profound Marhematician, the late Mr. Thomas 
S1MeP$ON, in his Diſſertations, Pa. 109.) | 

| F 2 And 


2 . „ n * 1 5 8 n : 5 2 > 
_ * * . 


parallel to each other: For let the perpendicular Diſtance of thoſe two given 
paralle! Lines Av, Gb, be divided into equal Parts, by any odd Number of 
Perpendiculars, Ba, Cp, De, Sc. which in ſome Curves are conſidered 
as Ordinates, and in ofbers (particularly the Parabola) as Diameters (and the 
greater the Number, the greater is the Degree of Accuracy): Then by the 


, B 2 
very ſame Reaſoning, as we found AHAB C X = for the Area of 


AvnpC, ue get Cp-4De-Þ EF X _ (>) for the Area of CpefF, 


: 8 . 2 4 
and likewiſe that of Eg == Ef+4Fg+ Gb x 1 Se; therefore the 
Sum of thoſe Areas (each having one common Multiplier) will be expreſſed 


by _ x AvÞ+4BnÞ2CpaDe+2E/Þ+4Fg+65 = the Area of the 


eurvilineal Plane AwnpefpbC, nearly: Whence the general Rule is ma- 
nifeſt, | | as; | 8 | 


CoRrOLLARY 2, 


If, at the Extremity of the curvilineal Space whoſe Area is ſought, the 
Ordinate be ſuppoſed to vaniſh; then ( Av being Nothing) we have 


TB PACA ET Fare + Gb + De. X —— a general Expreſſion 


for approximating, with any even Number of equidiſtant Perpendiculars, the 
Area of any curvilineal Plane, bounded by two perpendicular Right-lines and 
a Curve, The above Expreſſion, in Words, will be as follows :—To four times 
the Sum of the 1}, 34, and 5th, &c. Perpendiculars (beginning at the leaſt) 
add the laſt, and alſo Double the Sum of all the Reft ; this Total being multiplied 
by Id of their common Diftance, the Product vill be the required Area, nearly. 


CoROLLARY 3. 


| Hence it appears, that if at both the Extremities of any curvilineal Plane, 
the Ordinates (or Perpendiculars) be ſuppoſed Nothing, we ſhall have 


4Bn+2CpÞ+4DepzEfrgFgt Sc X = a general Expreſſion for deter- 


mining, with any odd Number of Ordinates, the true Meaſure, nearly, of 
any curvilineai Plane, bounded by onc Right-line and a Curve, or wholly by 
a Curve. The Expreſſion, in Words, will be thus: To four times the Sum of 
the 1/2, zd, 5th, &c, Perpendiculars, add Double the Sum of all the Reſt ; this 
Total being multiplied by Id of the common Diſtance of ihe Perpendiculars, the 
Predutt gives the Area ſeugbt, nearly, 1 
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And from the ſaid Demonſtration, I have 
deduced two general Rules; one for approxi- 
mating, with any even Number of equidiſtant 
perpendicular Ordinates, the Area of any curvi- 
lineal Space, bounded by two perpendicular Right- 
lines and a Curve; and the other for obtaining, 
with any odd Number of equidiſtant perpendicular 
Ordinates (or Diameters), the true Area, very 
nearly, of any curvilineal Space, comprehended 
either by a Right-line, and a Curve, or wholly by 
a Curve: But it is to be obſerved, that theſe Rules, 
for the moſt Part, will not approximate the Areas, 
of ſuch Planes as occur in the Subject of Gauging, 
ſo near as the following general Rule; which deter- 
mines, very nearly, the true Meaſure of any curvi- 
lineal Plane, bounded by three perpendicular Right- 
lines and a Curve, of any Kind; or by two pa- 
rallel Lines, and two Curves, of any Kind, 
It may be proper to obſerve here, that it will 
always be neceſſary, according to our Method of 
conſidering the Matter, to take an odd Number of 
Ordinates ; which indeed is unavoidable, when an 
Ordinate is taken (as it always is, in the practical 
Method of taking the Dimenſions of a curvilineal 
e e e. 


— * —_ 4.4 — * 9 


9 = 


2 | SCHOLIUM, | 
It is to be obſerved, that neither of the preceding Rules will approximate 
the Area ſo near as that deduced from Cor. 1. for the Error increaſes towards 
the leaſt Ordinates, on Account of their Obliquity to the Curve ; the Length 
whereof, between any two adjacent equidiſtant Perpendiculars, keeps conti- 
nuallyancreaſing, and conſequently gives greater Latitude for different Curves 
to paſs through the ſame three Points, in thoſe equidiſtant Perpendiculars, 
If the Number of equidiſtant Ordinates (or Perpendiculars) exceeds three ; 
then the general Rule derived from the 1. Cor. will not frifly agree with 
thoſe Rules obtained from the general Method of Differences ; which deter- 
mines a parabolic Curve of ſome Kind to paſs through any aſſigned Number of 
Points: Whereas, in the Method here laid dewn, common parabolic Curves 
are ſuppoſed to be deſcribed through the 3ſt, zd, and 3d, the 3d, 4th, and 
5th, and through the 5th, 6th, and 7th, &c. Ordinates; but the Difference 
ariſing from computing the Area of any curyilineal Plane, by theſe two Me- 


thode, is extremely ſmall, and can never be of the leaſt Conſequence in the 
Buſineſs of Gavging, &c. Conia 2 | | 


Ser. XII. GAU GING. 221 
Back, c.) exakth in the Middle of the two ex- 
treme Ordinates: And therefore this Method, 
which is comprehended in one general Rule, let the 
odd Number of Ordinates be what it will, claims 
the Preference in Point of Expedition; fince it will 
appear, by the following Examples, that a large 
Number of Ordinates does but very little increaſe 
the Labour of Computation, which is far from 
being the Caſe in any Rules (founded on indubita- 
ble Principles) I have hitherto met with. 
Before we proceed to exemplify this Method, it 
may not be amiſs to give a few general Directions, 
for taking the Dimenfions of curvilineal Backs; 


ſuch as are now ü e made Uſe of by 1 9 88 
lers, Oc. 


Let the Bottom of an elliptical Veſlel be repre- 
ſented by the following Figure; then in Order to 
find the Center, and alſo to draw the tranſverſe 


and conjugate Diameters thereof; progied as fol- 
lows. 


BY VV A 5 
F irt, with) your ir Chalk-I:ine, in any Part of the 
Back, ftrike a Line AB; then, with one Foot of 
your Compaſſes on 5, at ſome convenient Diſtance 
from AB, deſcribe an Arch of a Circle, ſo as to 
cut that Line, as at a; and with the ſame Extent 
Apen 
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upon , ſome Diſtance from 4 (in the Line AB) 
deſcribe che Arch mn then upon e, as a Center, 
with the Extent ab, deſcribe another Arch, cut- 
ting un mr chrough the Points s and r, ſtrike 
es out Chalk-Line) the Right-line CD, which 

parle to AB, and through e and 4, the Middle 


of CD and AB, draw the Line EF; the Middle 


of which is (at O) the Center of the 'Eilipfis : 
Upon O, as a Center, with a Line (or String) of a 
fuitable Length, let two Marks be made in the 
Periphery of the Figure, as at G and H, and mark 
the Right-line GH, which biſect (i. e. divide into 
two equal Parts) in the Point 5; iv which, 


and the Center O, ſtrike. (with the Chalk-Line) the 


tranſverſe Diameter TS; and upon two Points p 

and v, equally diſtant from O, with an Interval 
greater than Ov (or Op) deſcribe two Arches inter- 
cling each other ia z; then n O and 2, 
draw, the conjugate Diameter v W. 

After the Bottom of the Veſſel is thus quartered, 
draw the Ordinates, or Right-lines, perpendicular 
to EF, by the following Method: See the Figere 10 
Exam. 3. Pa. 227. 

Firſt ſet off, with your Compaſſes, each Way 
from the Center O, two, three, or four, c. equal 


Diſtances, according as you intend to take 5, 7, 


or 9, Sc. Ordinates; and, at the ſame Time, 
obſerve that the Diftance (bc) of the extreme Or- 
dinates is taken ſomewhat leſs than the tranſverſe 


Diameter at the Top of the Back; then draw the - 


Line PM parallel to EF ; thus, with any Interval 


FO (leſs than half the leaſt Ordinate), and upon a 


convenient Point n, as a Center, deſcribe the Arch 
wo, and with the Extent mO, upon 7, as a Cen- 
ter, deſcribe another Arch, cutting the former 
Arch in z; through the Points x and f, mark (as 
before) the Line PM: Then ſet off, each Tony 
106175 rom 
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from f, the ſame Number of equal Diſtances, and 
with the ſame Extent as thoſe ſet off in the tranſ- 
verſe Diameter; that is, let #4, re, dO, ef, Og, 
Se. be all equal to each other; then, with the 
Chalk-Line, through the Points 5, 7; d, e; g, 6; 
and c, &; mark the Ordinates AB, CD, GH, and 
| 

Now, in Order to draw Lines from the Extre- 
mities of the Ordinates, Sc. up the Sides of the 
Back (ſo that Ordinates may be taken, in any Part 
of its Depth, at the ſame equal Diſtances as thoſe at 
the Bottom) proceed in the following Manner: 
Hold a ( chalked) Plumb-Line at the Top of the 
Back, directly over the Ordinate AB; then, order 
your Affiſtant to hold the Plummet at the Extre- 
mity A; ſtrike a Line againſt the Side of the 
Back, from the Bottom to the Top : Proceed in 


the very ſame Manner at the other Points C, R. 
6,1, F, K, Sc. to E. 


4 GENERAL RuLe, for FREE OS, very nearly, 
with any odd Number of equidiſtant Perpendicu- 
lar Ordinates, &c. the Meaſure of any curvi- 
lineal Plane, Sounded at each End by an Oradi- 


nale. 


To the Sum of the firſt and laſt, or the two ex- 
treme Ordinates, add four times the Sum of the 2d, 
4th, 6th, and 8th, Fc. Ordinates, and alſo Double 
the Sum of all the Reſt; this Total being multiplied 
by one-third of the common Diſtance of the Ordi- 
nates; the Product will give the required Area, very 
nearly : Which being divided by 282, 231, and by 
2150, the Quotients will be the Areas in Ale and 
Wine Gallons, and Malt Buſhels reſpeRively. 


EXAMPLE 


Ee equal to 8.24 
= 13.41 

Gg 16.12 
Hh 


OB 


Hence the follow- 
„ 
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 ExamMPyLE 85 


Let it be required to find the Area of a e 
whoſe Diameter is 36 Inches. 


In the Quadrant AOB, draw four equiditianc 
Lines, perpendicular to the Diameter AD, and let 
their common Diſtance EF (FG, Cc.) be 4 In- 
ches; then, by the Property of the Circle, we get 


the BIS 0-5 of thoſe e Viz, 


Wal 
I 
(Sy) 
(Sy) 


OPERATION. 


The Sum of the extreme Ordinates is 26.24. 
Four times the Sum of the 2 1 

2d and 4th (30.96) is * 

Twice the Middle Ordinate (16 12) is 32. 24 


n — 


Total 182.32. 


Which 
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Which being multiplied by 4, and the Product di- 
vided by 3; or, which comes to the ſame, mul- 
tiplied by one-third of the common Diſtance, 
gives the Area of the Space OBeE 243.093 
Add the Segment AEe; which (by Reaſon 
of its Smallneſs, with Regard to the 
whole Circle) differs but little from a 
l fe 34, 


19.98 


Gives the Area of the Quadrant AOB 2 54.07 3 
Which being multiplied by.. . 4 


8 


| Gives the Area of the Circle 1016292 
this being divided by 282, gives 3.603 Ale Gal- 
lons ; and divided by 231, gives 4.399 Wine Gal- 
lons. 5 „ 

The Area of the above Circle, found by the 
common Method, will be 3. 609 Ale Gallons, and 
4.406 Wine Gallons; which exceed the former but 
about 6 thouſandth Part of an Ale Gallon, and 
7 thouſandths of a Wine Gallon: And by making 
Uſe of a greater Number of Ordinates, the above 

Differences would ſtill have been leſs. 


EXAMPLE I. 
In a common Parabola, whoſe Abſciſſa AB is 
32, and the Semi-ordinate EB 24, it is required 


to find the Area of the Part ABDC ; when BD (or 
the Semi-ordinate Cs) is equal to 12. 


OPERATION. 
| Firſt there is given AB = 32; and, by the Pro- 


perty of the Curve, Pa. 65, we have FH = 30, 
and alſo CD = 24; whence, by the preceding ge- 


neral Rule, 
mm G g The 


226 A TATZAT ISE of Stor. XI. 
The Sum of the two Ex- „ 
C 
Four times the Mid- 
dle Fenda 120 
FH . 


Total 176 
Multiplied by 3d of 
the common Diſ- 1 2 
tance DF (F B) 


Gives the Area N 


— 


(ftrily irue) of 
the Part ABDC 


For, to the parabolic Area CAs (ſee Pa. 93) 4 
Add the Area of the Rectangle DCsB 288 


Gives the required Area 3 52. 
* * 


EXA IE ze 


1 find the Area of the cüfvinnen Plane 
ERFLE, in Ale and Wine Gallons; whoſe Axis 
EE (biſected by RL) is ſuppoſed equal to 112 In- 
ches, and alſo the perpendicular Ordinates, and 
their common Diſtance alunder, as below. = 


Inches. | 
rw 3s * 5 
= CD = 79 Their common Diſ- 
Ordinates * = 8 prance (bd, Sc.) is 24 


GH = 78.6 | Inches; and therefore 
IK = 69. 4 Es (or Fes 8 Inches. 


ort ties 
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OPERA TION. 


By the preceding general Rule, the Sum of che two 
extreme Ordinates . 

Four times the Sum of the 2d and Ath 630.4 
Double the Sum of the reſt (viz. the 3d) 160 


Total 929. . 4 
Multiplied by 3 3 of 24 ="6 


Gives the A of the Part . 2 
between the extreme Ordinates 743 2 


Then to this 
Area, add that of 
the Segments AE 
Band IFK (which, 
on Account of the E 
Smallneſs of Eb 1 
or Fc, with Re- F 

ard to AB or 
K, is immate- 
rial whether they 
are conſidered as Parabolas, or the Segments of 


Circles), and we ſhall then have the Area in Inches, 
of the whole F. igure ERFLE. 


AB = 20. 
Multiply by 2 8 


Produet 566 


ds whereof | is 373.33, the * of the Seg 
(ment A5. 


G g 2 Again, 
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Again, IK 69 
Multiply by FF 


„„ 


Product 552 
ds of which is 368, "the Area of the Seg- 
Add 373.33 ment IFK. 


ments taken as Para- 


The Aren of both Seg- ) 
wo "i 
bolas I, 


Add 7435-2 2 


Whole Content i in 18 
Inches : MP ans 53 


6—— 


263876 53(29, = the Areain Ale Gallons, 
27776 53035. 39, =the Area in Wine Gallons. 


Becauſe, in Practice, the Middle Ordinate RL 
(ſee the preceding Figure) always biſects the Axis 
EF, conſequently Eb is equal to Fc: Therefore the 
Area of the two Segments, APB and IMK, may 
be more readily obtained by multiplying che Sum 
of the two extreme Ordinates, AB and IK, by EE 
or Fe, and taking two-thirds of the Product; 


or, which is the ſame Thing, multiplying the ſaid 


Sum of the Ordinates by twice Eb (or twice Fc), 
and taking one-third of the Product; as in the fol- 
lowing Operations. 


Ex AMI 4. 


Reber the Area of the curvilineal Plane AB 
RS, in'Ale and Wine Gallons, ſuppoſing AR (bi- 
ſected by BS) equal to 102 Inches, the perpendi- 
bol, Ordinates, and their common Diſtance as 

ow. 


Perpendicular 
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4D = 1 

* oo 5 5 T heir common 

; GH = 62.2 ] Diſtance 1 5 Inches; 

* BS = 63 Fand Ae dee Ab 

hy IK = 62.4 | (or Rc) equal to 6 
. "TEM = 00.t Inches. 

NP = 54.6 


OPERATION. 


The Sum of the t two ehtreme Ordinates 108.6 
Four times the Sum of the 2d, 4th, 1 8 5 
--- 6th Ordiaates 732-4 


Twice the Sum of the reſt (V1Z. 30 and 5th) REPS: 


— wad 


Total 1090. 2 
Muttply by one-third of 15. Vi. >, 5 


_— 


The Area of the Part DCNP cher 


For THE AREA OF THE TWO SEGMENTS. 


The Sum of the firſt and laſt Ordinates 108.6 
Multiply by twice As (or twice Re) „ 1 


Product I 1303-2. 2 


One- third whereof is 434. 4 
Add the Area found above 5451- 


The whole Content in Inches 588 7 FE 
282) 
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282)58 85.420. 87 = the Area i in Ale Gallons. 
231058 85.402 5.477 Wine Gallons. 


The Area of the foreg oing Fi igure being a. 


| puted A the Method lai , down in Shirtcliffe's Gau- 


ging, Pa. 187, will come out 20. 862 and 25.468 


Ale and Wine Gallons reſpectively. 


But if the Area of the ſaid Figure be computed 
as an Ellipſis, it will come out 21.84 Wine Gal - 
lons; which is 3.63 Gallons 100 little. — Whence 


It is manifeſt, that the R veniſe may be greatly in- 


jured, by gauging all curvilineal Veſſels as Ellipſes: 
But, if a dye Rega paid to the Method here 
laid down, we ſhall always be certain of obtain- 
ing, very nearly, the true Area of any curvilineal 
Veſſel, let its * orm be what it will, 


ER 5. 


* 


Wberein it is propaſed to find the Area of the 
curvilineal Space ABCD A (not Elliptical, but of 


an aukniwn Form), whoſe Dimenſions were ob- 
tained, by actual Menſuration, in the e 


Manner, viz. 


The Axis AC (or twice Aa). is equal. to 151.7 
Inches. 
EE cqualto 6. 43 
on Tbeir com- 


2 GG = 118.0 mon Diſtance 
FOIOAUeSs 1800 1 17 Inches; 
4 E 125.2 Fand conſe⸗ 
* 550 II = 124.0 quently Am 
* IKK = 118.6 (orCn) is 7.85 
III. =, 99.9 Inches. 
UMM = 570) 


Op ERATION. 
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OPERATION: 


By the foregoing general Rule, we have the Sum 


of the two extreme Ordinates . . 118.4 

Four times the Sum of the 2d, 4th, 
6th, and 8th Ordinates (begin- 
ning at either End) . . | 

Twice the Sum of all the reſt (viz, 
3d, zth, and 7th , . . . ; 


1795.2 


723.6 


— 


0 Total 2637.2 ; 
Which being multiplied by 17, andy 


the Product divided by 3 (or mul- þ 14944.13= 
tiplied by + of 17) becomes . J 

1 „ B 7 
Inches, of ST IT 1-6 
the Space p. * 
contained bs 
between the / | 
extreme Or- \ 
| 


dinates; to 
this, add the \ 
Area of the 1 3 

two Seg- I 5 
ments E AE. 5255 | 
and MCM 3 
(conſidered as Parabolas), and we ſhall then 8 
the Area of the whole curvilineal Space ABCD, 


very nearly : See the Remainder of the Cone: 
tion, 


Br 


. 


. a — * ——Y = 2s —— — — — — 
— - 2 1 q — 8 - 8 3 8 
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r —_— * 
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Cn — 
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* — ͤ——ͤ— ˙ —— ˙ V 
>= RRQ, ³·¹A Io” owes Ot EEE: 
4 £200 <q Ace. ů —— 
— — 7 t 
— — Ts 


— —= 
. — 
ny RR 


Add the Area of 
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The Sum of the two? | 
extreme Wee 118.4 


Multiply by Am (or Cn) 7.85 


5920 
9472 
8288 


Product 929. 40 


2ds whereof is 61 9. 626 = = the Area of both 
— | 


the Space fund 14944.13 
above 5 


The Area of the 3 | 
whole Lene 15563. 7565 which being aivi- 
ABCDA 

ded by 231, the Quotient will be 67. 37 Wine 


** 


— 


Gallons, the Ds we Area, very nearly. 


If the Content of the above Fi igure be computed 


by the, Rule deduced from the Tables of equi- 


diſtant. Ordinates, in Shirichffe's Gauging, Pa. 
187, it will come out 67.38, which differs from 
the Area found above, only Tooth Part of a Wine 
Gallon. ; 


Note. Ie! may be proper to take Notice, that, 


according to this Method of Computation, it will 
be the moſt commodious to write down the Dimen- 


fions, c. of a curvilineal Back, in the following 


| Mr, 
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Mr. 5th Back, , gauged Nov. 22, "OM 
| : | TN 13 Inches equiqdiffant- 8 7] 

In- [Tranſ- | I _]Conjugatej | ME | $3 20H 
ches.| verſe, | 2 | 2 | 3 3 | £1: 0-33 | Areas. Gallons 
13 | 54.8 [29-3 50.7 57-5] 88.4 56.8 149+7 [24+7 7.74 30.62 
11 | 86.0 [31.5 51.658. 1] 59.6 [57.5 50.8 27.18.22 1 
r | 86.9 [33.0 [52.3 58.8) 5947 58.3 52.029.218. 66 
11 | 87.9 34.553. 159.3] 60.3 58.9 53· 031.819. fo 
10 | 88.8 [36.0|53.8 60,0] 60.8 [59.6[53+8133+7 19.51 
| 1.3 Drip * ©. . > 4 a * 06 3 . 0 o 5 "i 0 0 


57.3 Dep | * 


Depth 57.3 en. 
Drip 1.3 = 20 


Neat Depth 56.0 


Before I quit this Subject, it may not be amiſs 
to give one Example more, in Order to ſhew the 


Method of computing the Area of a curvilineal 


Plane, by a Rule (for 13 equidiſtant Ordinates) 
deduced from the Tables laid down in Shirtcliffe's 


Gauging, Pa. 187; and then to give the Operation 
by the general Rule, Pa. 22 it ; whereby, I appre- 


hend, its Utility will manifeſtly. appear to every 
impartial Reader. 


Rur. 5 
The Sum of the 1ſt, 13th, and twice the (7th) 
Middle Ordinate, multiplied by 41; the Sum of 


the 2d, 6th, 8th, and 12th Ordinates multiplied 
by 210; the Sum of the zd, 5th, gth, and 11th 
Ordinates multiplied by 27 ; and the Sum of the 


4th and 1oth multiplied by 272 : Then the Sum 
of theſe four Products being multiplied by the 
Diſtance of the two extreme Ordinates, and that 
Product divided by 1680, the Quotient will be 
the Area in Inches of any curvilineal Space con- 
tained between the extreme Perpendiculars. 

| H h ExanPLE: 
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EXAMPLE: 


To find the Area of the curvitiient Plane 


MIRO, in Wine Gallons, when MR (or twice 
MO) is equal co 148 Inches; the perpendicular 
ö Ordinates, and their common Di ſtance as below. | 


4 Le 


82.4 
a 


96.5 
112.00 5 
119.21 Their common 
121.3 Diſtance is 12 In- 
122.4 \Ches 3 and there- 
123.0 f fore Ms (or Rv) 
122.6 is 2 Inches. 
+5 3 
= 118. . ; 
112.0 * 

4 4 
2.42 


cc 
dd 

- 

| Perpendicular 2. 77 
Ordinates PQ 
38 

* 

Ls 


b 


kk 
| Li 


(OE 


FY” 
4 


4 Ul LU 10 890 T 1 [ [NU 


ſo 
To 
N 


22 


LT Tay 


LIE TIRE 


2 


Or ERATITON. 


2 er. II. 
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0 PRRATION, by 1 preceding Rule. 


The rt, 13th, and twice 82.4 
<4 


the Middle Ordinate 


AC —_—_ 


1 410. 8 
Multiplied by 41 


246, oN 


4108 
16432 


Iſt Product 16842.8 


| 


96.5 
The In 6th, 8th, and] 122.4 
12th Ordinates 1122.6 


96.3 
Sum 437. 8 
Multiplied by 216 


26268 


4378 
8756 


2d Produtt TD 


| 10 815 FLY 


H h 2 The 
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— tr apt i oe 


Multiplied by the Diſtance of 
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| 112.0 
The 3d, 5th, gth, and 121.3 
Itth Ordinates 1121.2 
112.0 


Sum 466.5 
27 
32655 

9339 
30 Product 12595 5 


— 


The Ath and roth "i 119.2 
Ordinates 118. 9 


Sum 230. * 


Multiplied by 272 


: EL 
16667 
4762 


Ath product 64763. 2 
3d Product 12395. 
eb” 2d Product 94564.8 
hs 1ſt Product 16842.8 


The Sum of the four Produdts x 188 766, 3 


the extreme Ordinates 22144 


7550652 
755662 
1887663 


Gives 2718 2 347.2 
1680) 


Sect. XII. GAUGING. 237 
1680)25182347.20(16179.96 

1880 EY 219. 73 = the Area of the 2 

; { Seg. taken as Parab. 

10382 16399. 69 = the whole Con- 

10080 tent in Inches. 

* 
1680 


13434 
11760 


1440 


231)16399. 69070. 99 Wine Gallons ; the requi- 
red Area, nearly. 


'Oyzn ATION, by the general Rule, Pa. 223. 


The Sum of the extreme Ordinates, 164. 8. 
96.5 
119 2 
122.4 
122. 6 
118.9 


C 96.3 
Sum 675. 9 mukiplie by 4. goons 
* 
The 


The 2d, 4th, 6th, 
Sth, 10th, and 
12th Ordinates 


2 
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Sections) if the Difference of two Dual) — 2 ben 


equal. — Hence it is evident, that b Ye: 
n 


= 4 Txzari32 of Sxor. XII. 


II2. 

The 3d, 5th, 7th, 121.3 | CET oF 
9th; and 11th 123.0 3 
Online - 4 8312; Boot 

| T 1% 5 
Sum 589. 5 


Which multiplied by 2, gives 1 — 0% + to which 


164.8 and 2703. 6 being n 
added, gives 5 404% 
Mulciply by of © 4 


16 I 89.6. 

The Area of the Segments 219.73 
231)16409-32(71; 03 Wine 
{ Gallons. 
The Areas obtained, by theſe two Methods, 


differ but about Arth Part of a Wine Gallon; 


and both the Operations were given at Length, in 


Order to ſhew the vaſt A which the latter 


has over the former. 


3 


* b * . 7 Ob. 4 ik. - _—_ 


IT 
o 


fore the Difference between a Nicht. line and a bende. Curve of any Kind), 
at an infinite Dift nce from the Vertex, is leſs than any 4Ggnahble Quantity; 
and, conſequently, as the Methods here propoſed (or thoſe Rules derived from 


the general Principles) are riet true, in every Part of a Parabolic Curve, it 


evidently follows, that, at an infinite Diſtance from the Vertex, the Meaſure 
of a Space, obtained by any of theſe Rules,' will differ from that, when con- 
fidered as a right-lined Space, by a Gamtity £0 Ky any 855 ven, or ee 
Quantity whatever: But (by 3 9, of 974 Lt ttal's 27 
ly dimi i , Jo that at 
laſt it becomes leſs than any given Quantity 5 2 deter quill thoſe Quantities at laſt be 
Methods we can obtain the true 
(and not the approximate) Meaſure of any TERilineal Plane whatever: Forany 
right-lined Plane may be divided_into.Quadrilaterals (whereof two Sides muſ? 
be parallel) and Triangles ; then may the Irie Pos aſy res of thoſe Figures be 
ſeparately. found; by any 'affigned umber o equidiſtant Perpendiculars 


whatever, — Or the true Area may be obtained, by dividing the Figure into 
Thang. A 


9710 | Suppoſe, 
221 1. 
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— — 


dcr. XII. GAUGING. 


* Pe 8 
r 


dcn for* Example, it was required to find the Meaſure of the tight- 


lined Space ABED, when AB (Fig, XVII. is parallel to DE) = 20, DE 
= 125 and the perpendicular DF = 30 Inches. 


. — 2 „„ 


F irſt, by three equidi Rant Peryendiculare. 


7 | The Sum of the Extremes 32 
Tout times the n e (16) = 864. 
Total 96 
Multiply by 2d 4 15.5 
Gives the required Meafure 480 = ce 
2 


0 ) * or! = 16 „ 30, as is well n from other Principles. 


By five equidi ;fant Perpendiculars, 


If DP (Fig, XV1I.) be drawn parallel to EB, and GG, CC and II be 
drawn parallel to AB, equidiſtant from one another, and the other Dimen- 
fions the ſame as above ; ; then it is evident that Id==2, Cc==4, and Gb=6 ; 


whence DE==12, II==14, CC=16, N and AB=20 ; —_ by the 
the general Rule, Pa. 223. 


| The Sum of the two extreme benennen 32 
Four times the Sum of the 2d and 4th Perpendiculars 128 


1 Twice the Sum of the reſt 1 the 3d) 32 
dates mms — 


Total + 
dun by Ad of the common Diftance (7.5) . . 2.5 


960 
384 


— — — — 


The Content as before 480. o 


Suppoſe, in the Triangle ADP (Fig. XVII.), AP==$, DF==30 ; whick 
being divided into eight equal Parts, and Lines drawn parallel to the Baſe, we 
_ ſhall have aa = 1, Id gz, um g 3, C4, rr=5, Ghz=b, eexz7, and AP 


=: Vihenes, by Cor, 2, Pa, 219, we get rt Rant 


174 ＋ 6X2 X 2 120 ( 39X4) = the Area of the Triangle 
ADP. 


1 
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Er. XII. 


A TABLE. of the Areas of Circles in ALz Gar- 
'LONS, % all Diameters in Inches and Inches and 
* e ow 10 120 Inches, 6-2 


Dia. | Pg N A = 
in 0:4: 47 8 " 4 
nee] = op The 4 TORRE we, 
1 | 0.0027] 0.0033] 0.0040| 0.0047] 0.0054 
'2-] 0.0111| 0,0122| 0.0134 0.0147] oO. 0160 
3 | 0.0250] 0.0267] o. 0285 o. o 30g o. 0321 
4 | 0.0445] 0.0468] o. 0491 O. og 14 o. 05639 
| 5 o. 0696 0.0724] 0.0753] o. 0782 0.0812] 
| 6 | 0.1002] o. 1036 0.1070] o. 1105 0.1140| 
| :7 | ©. 1364 0.1403| 0. 1443 O. 1484 0. 1523 
80. 1782 0.1825] o. 1872 O. 1918 0. 1965 
90.2255 0.2306] 0. 2357 0.2408 0. 2460 
10 | 0.2785] o. 28410 0.2897] o. 2954] O. 3012 
11.3369 0.3431] 0.3493] 0.3556] . 3619 
12 | 0.4010] 0.4077] o. 4145 CO. 42130 0. 4282 
13 | 0.4706 0.4779] 0.4852 0.4926| 0.5000] 
| 14 | 0.5458] 0.5537] 52726 0.5695] 0.5775 
15 | 0.6266 0.6350] 0.0434] O. 65 19 0.6605| 
16 | 0.7129] 0.7219] 0.7309] o. 7399 0.7490 
{ 17 [o. 8048 0 8143 0.8239 0.8335 0.8432 
18 [0.902% 0.9124] 0.9225 0.9327 0.9429 
191.0054, 1.0160 1.0266 1.0374 1.0482 
| 20 [1.11400 1.1252] 1. 1364 1. 1477 1. 1390 
| 21 1.2282 1.2399] 1.2817 1.2635 1.2754 
22 1.3479 1.3602] 1.3726 1.3850] 1.3974 
231.4733 1.48610 1.4990] 1.5120 1.5250 
241.6042] 1.6176] 1. 63 100 1.6445 1.658 1 
251.7406 1.73460 1.7686 1.7827 1.79686 
126 1.8827 1.8972 1.9118 1.9264. 1.9411 
272.0303 2.0454] 2.0605| 20757 2. 909 
28 | 2.1835 2.1991] 2.2148 2.2305| 2.2463} 
| 29 | 2.3422| 2-3584] 2.3746] 2. 3909 2. 4073 


A 


fer: XII. 


GAUGING. 


A TABLE of the Areas of Circles in Alx Gat- 
LONS, % all Diameters in Inches and Inches and 
T 68827 Tron 1 /0 120 Inches. 


a4t 


{Dia. | N 
in 5 3 5 
Inc. . | 
1 | 0.0002] 0.0071] 0.0050] 0.0090]. 0.0100 
2.0174 00188] 0.9203] 0.0218| 0.0234| 
3 | 9-9341] 0.0390] 0.0381] 0.0402] 0.042 3| 
'4 | 0.0563], 0.0589] 0.0615] 0.0641] 0.0668{ 
| 5 | 0.0842| 0.0873] 0.0904| 0.0946 0.0969] 
| 6 | 0.1176| 0.1213] 0. 12500 0.1287] 0.1325 
| 7 | 91506] o. 16080 0.1651] 0.1694] 0.1738 
| 8 | 0.2012| 0.2059] 0.2108| 0.2156] 0. 2206 
9 | 0.2543] o. 2306 O 2620 o. 2674 0.2729 
10 | 0.3070] 0.3129] 0.3188 0.3248 0.3308 
11 | 0.3683] 0.3747] 0.3812] 0.3877] 0.3943 
12 0.4351 0.4421] 0. 4492 0.4503 o. 4634 
13 0.50% 0.5151] o. 5227 o. 5303 0.5381 
14 | 0.5855] 0.5930] o. 6018 o. 6 100 0.6183 
15 | 0.6691] 0.6777] 0.0864| 0.6952| o. 7041 
16 | 0.7582] 0.7674] 0.7767| 0.7860 9.8954 
17.8329 o 8627] 0.8725 o. 8824 0.8923 
18 9532 0.9635] 09739 0.9843 0 9948 
19 1. og 1.0699] 1.0808 1.0918 1.10294 
201.1704 I 1848] 1.1933 1.2049 1.2165 
211.2874 1.2994 1.3114 7.3235| 1.3357 
221.4099 1.4225 1.4351 1.44780 1.4605 
231.3800 1.5310 1.5043] 1.5775 1.5908 
24 | 1.6717] 1.6854] 1.0991 1.7129] 1.7267 
25 | 1.8110} 1.8252] 1.8395] 1.8538] 1.8682 
26 | 1.9558] 1.9706] 1.9834 2.0903| 2.01334 
27 | 2.1062] 2.1215] 2.1369| 2 1524| 2.1679 
28 | 2.2021] 2.2781] 2.2940 2.3100 2733629 
222.2224401 2. 4567] 2.4732] 2:4899] 
a « 
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2.5401 


2.711 


2.8877 
3.0698 
3-2575 
3.4508 


| 30497 


3.8541 
4.0641 


4˙2790 
4.5008 


4.7275 
4.9598 


5.197 
5.4410 
5. 6900 


5 9446 
6.2047 
6.4704 


6.7417] © 
7.0185 
7-390N 
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| 7.8825 
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| 8.4862 
| 8.7965 


9.1124 


9:4338| 
89.7607 


8.9170 
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2.5559 7 


2 7285 
2.90506 
3.0883 
3276 
3.4704 
3 5698 
3.8748 
4.08 54 


4.3015] 4. 


4.5232 
4.7505 


4.9833] 5: 


51217 
5.4057 


5.7152] 5, 


9-9 193 


6.2310 6. 
6.4973] 6.5 
7691 


7.0465 
7.34293 
7.6180 
7.9121 
8.2118 
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8.8279 
9.1442 
9.4662 
9.7937 
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2 The Areas of Circles in AR GALLONS. 
OE E 
in | 5 et 9 ** 
hc. e ob 1 

30 2.5008 2.6078] 2.0249] 2.0420] 2.0592 
31 2.7635] 2.7810] 2.7987] 2.8164 2.8341 
| 32 | 2-9417] 2.9598] 2.9780 2.9963 3.0146 
333.1253] 3.1442 3: 1630 3.1818] 3.2006 
| 34 | 3-3149] 3-3342] 3-3535| 3.3728 3.3922 
| 35 3.5099 3.5297 3-5495| 3-5694| 3.5894 
363.7104 3.7308] 3. 7512] 3.7716 3.7922 
| 37 | 3-9165| 3.9374] 3.9584 3-9794| 4.0805 
| 38 | 4.1282] 4.1496 4.1712] 4.1928 4.2144 
| 39. [413454 4.3674 4.3895 141 4.4339 
404.5682] 4.5908] 4.6134] 4.6361 4.6589 
414.7966 4.8197] 4.8429 4.8662 4.8895 
42 | 5-0305| 5.0542] 5.0780 5.1018 5-125] 
| 43 | 5:2701] 5-2943] 5-318] 5-3430| 53074] 
44 | 5:5151] 5.5400] 5.5648 5.5898 5.6147} 
45 | 5.7658] 5.7912] 5.8166| 5.8421] . 8670 
t 46 | 0.0220] 6,0480| 6.0739 6. O00 6. 12611 
| 47 6.28380 6.3103] 6.3369] 6.3635 6.3901 
' 48 | 6.5512] 6.5782] 6.6053] 6.6325| 6.6597 
| 49 | 6.8241] 6.8517] 0.8794] 6.9071] 6.9349 
| 50 | 7.1027] 7.1308] 7.1590 7.1873] 7.2156 
51 | 7.3867] 7.4154] 7.4442 7.47300 7.5019 
| 52 | 7:-0704| 7.7057 7.7350 7- 7044] 7.7938 
537.9710 8.0014/ 8.0313 1 0613] 8.0913] 
' 54 | 8.2724] 8.3028] 8.3332] 8.3637 8.3943 
| 55 | 8.578»[ 8.6097] 8.6407] 8.6717 | 8.7029 
| 50 | 8.8907] 8.9222 8.95374 8.9854 9.0170 
1579 2082] 9.2402] 9.2724 9.3045 9.3367 
58 | 9.5313] 9.8639 9.5965] 9-6293| 9.5620 
| 59] 9.8599] 9.8931] 9.9293] 9.9596 9.9929] 
; bo. 10. 04) 1022008 10. 2616"; 19. 2955 OTA 
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4ITATATISZ of Sxcr. XII. 


The Areas of Circles in Alx GALLONS. 
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[10.3033 
19-7959] 
1.8520 
1522 
[11.7070] 
112.1318 
us 1.8585 


783 


13 2598 
13·6469 
14.0396 
2 [14.4379] 
[14.8417 
15.2612 


15.6661 


[16.0867]16. 
116.5128 
16.9445] 
[17.3818 
17.8246 
81 [18.2730 
| 82 118.7270 

83 | 19. 1865 
8 19. 6516] 
129.1223 
86 [20.5985 
87 [21.0804 
88 [21.5678 
1.89 22 0607 
9 Ez. 5593 


10.3973 
10.7404 
11.0891 
11.4434 
11.8032 
12.168 0 
12.5396 
12.9162 
13.2983 
13.6860 
14.0792 
14.4780 


15.2924 
15.7079 
129001 
16.5557 
16.9880] 
17.4258 
17. 8692 
19.3181! 
18.7727 
19. 2328 
19.6984 
20.1697 
20.6465 
21,1289] 
21.6168 
22.1103|2 
22,6094 


914 43:96 34123-1141 
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14.8 824 
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10.4314 
10.7751 
11.1243 
11.4791 
11.8395 
I 2.2055 
12.5770 
12.9541 
13.3368 
1317259 
14.1188 
14.3182 
14.9232 
15.3337 
15.7498 

16.1715]1 
16.5987] 
17. 0315 
17.4699 
17.9138 
18.3633 
18.8184] 
19.2791 
19.7453 
20.2171 
20.6945 


21.1774 
21.6639 


22. 1600022. 2097 
22.639622. 7099 
23. "0 


10.8097 


[2.9921 


18.864201 
19-7922 
20.7425 


21.7151 


— 57 


| 3 | 


10.4655 
10.8445 
11.1555 
(1.5149 
11.8759 
12.2424 
12.6145ʃ¼1 2.6520 
13.3754 
13.7642 
14.1585 
14.5505 
[4.9640 
t5 4751 
15-7917 
10.2139]1 
16.6417 
17.0751 
17.5140 
17.9585 
18.4086 


19-3255 
20.2646 


21.2260 
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10.4997 
11.1948 
11.5508 


11.9123 


12.2793 


13.0302 
13.4140 
13.8034 
14.1983 
14.5988] 
15.0048 | 
15.4165 
13˙8337 
6.2565 
16.6848] 
17.1187 
17 5582 
18.0033 
18.3589 

8.9101 
19.3719 
19.8392 
20.3121 
20.7906 
21.2747 
21.7643 
22.2595 
22,7602 | 
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| The Arens of Circles in Ate GALLO NS. 
"De. 1 A NIP 
%%% w ( 
Inc. +-- 1 — . | IT PEO | _} 
61 10.8339 T0. 508210. 002110. 6369010. 5714 | 
62 [10.8792]10.9141119.949c|10.9839]1 1.0189] 


63 1.230201 1. 26561 1. 3010011. 3365ʃ1 1.3721 

| 64 [11.586/1 1.622601 1.65861 1.694711. 7308 | 
| 65 [11.9487]11.9852[12,0218[12.0584[12.0951 
66 [12.3164[12.3534[12.39061[12.4277]12.4650 
67 [12.6896[12.7272[12.79649[12.8026[12.8404 | 
| 68 13.068313. 106513. 1448013.1831013.22144 
69 [13-4527]! 3-4914113.5302[13.5091113.6080| 
70 113. 8426 [3.8819113.9212[13, 9607/14. 0001 | 
| 71 [14.2381114.2779114.3178[14-3578114-3978] 
72 14.6391/14.679 514.7200014. 760514. 8011 
73 15.045801 5.086 715.1277]. 16881 5. 2 100 
74 15.45 8015.499554 1101.58 27/1f. 6244 
75 1.875716. 9178015. 9 599.16. 002 11 6.0444 
76 16.299 1016.341716. 3844/16. 427 11 6.4699 
77 16.728016. 1216.8 144(16.8 5771 6.9011 
78 7. 162417. 206201). 230001. 2939 17. 3378 
79 [17.6025|[17.6468|17.6912[17.7356|t7. 7801. | 
| 80 [18.0451[18.0930]18.1379|18.1829 18. 2279] 
| 81 [18.4993]18.5447]18.5902[18.6357118.6813 
82 18.956019. 0020019. 048 119.0941019. 1403 — 
| 83 [19.4184/19.4649]19.5115|19.5581]19-6049] | | 
| 84 |19.8803[19.9334[19.9805|20.0277[20.0750| ja 
85 [20.3597[20.4074{[20.4551[20.5029]20. 5507 
86 20. 8388020.88 7020. 9352 20 9836ʃ2 1.0319 
87 21. 3234/2 T. 372 102 1.42 1002 1.469802 1. 5188 
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88 [21.8135|21.8629]21.9123j21.9617]22.0112} | 
| [ 89 22.309322. 3592 22. 409 122.491 22.5092 | 1 
90 22.8 100% 2. 861102 2.9112 2.962 123.0127 | 
[_91 123-3175.23-3685123-4195123-4707123-521, = 
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4 TREATISE of 


Szer. XIt, 


The Areas of ( Circles in ALE GaLLons. 
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23.5730 
24.0883 
24. 6091 
25.1355 
25.6674 
26. 2050 
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| 27. 2967 
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28.4108 
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31.8866 
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[35-5029 
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1951 
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23-0243 
24.1401 
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34.3770 
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23.0750 
24.1920 
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26. 8575 
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29.0899 
29 6619 
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31.4115 
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35.68 89 
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29.1468 
29.7194 
30.2970 
30 8814 
31-4707 
32.0636 
32.6661 
33.2721 
33-5537 
34.5009 
35-1237 
35-7520 
39 3859 
379253 
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28-0742} 
25.0302] 
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30.3558 
30.9401 
21.5300 
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The Areas of Circles in ALE GALLONS. | 
Dia. * 9 
Lin]. -5: & 1-7 . i 
Inc e BO | 
| 92 |23.830u[23-53815]2 3.933112 3.9848[24.0365 ; 
93 24.348024. 400 1024. 452 3]24.5045|24.5568 N 
94 24.87 16024. 924324. 9770025. 029802. 08 26 A 
| 95 [25.4008[25.4540[25.5073[25.5606 25.0140 1 
96 125 9355/25.98930/26.043 1026. 0970026. 1510 A 
| 97 1[26.4758[26.5301[26.584.5|26.6390[26.6935] a 
| 98 [27.0217]27.0766[27.1315127.1865127.2416| | 
99 [27.5731127-02801]27.6841[27.7397127.7953 4 
100 |28.1302128.1802128,2422128.2983128.3545 9 
101 [28.6927/23.749 3028.808902 8. 8626028.9193 " 
102 [29.2609129-3180129.3752[29.4324129-4897] l 
103 [29-8346j29.8923/29.9501[30.0078[30.0657 h 
104 [30-4139|39-4722130. 5305130.5888130.0472] " 
105 30.998803 1.057603 1. 11653 1.17343 1.23430 | 
106 [31.5893131.0480[31.7080[31.7675131.8270 % 
107 [32-1853(32.2452132.3051132-3052[32.4252 g 
108 [32.7868032. 8473032. 9078032. 96843 3.090 "1 
109 [33-3940133-4550133-5101133-5772133-0384. "1 
110 [34.067[34.0083134.1299134-1910134-2534|' 1 
111 34.625034. 6871034. 749 3034.8 116034.8739 i 
112 33.248903 3.311603 5.3743 35-4371/35-5000] '1 
113 |35-8783135-94101[36.0049| 30.0682 36.1316 - | 
114 [36.5133130-5771136.64101[36.7049136.7689] 9 
115 37˙1539¼ç7˙218237.282737.3471037·˙4117 i 
116 37. 8000ʃ37.8649 37.9299 37.9950 38.060 
117 38.45 1738.51720(38.582 738.648 3038.7 1400 | 
115 (39-109”139-1751139.2411139-3073139-3735 9 
119 9.77199 8385039.905 1039.97 18040. 03860 i 
| T bl 
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4 TABLE of the Arias of Circles in WIX E GAI.- 


Los, to all Diameters in Inches and Inches and 
7 Tome I 70 120 Inches, 


Dia. 4-3 I 


12 


J . | 


0.0087] 0.0098] 0.0110| o. 
.0212] 0.0229] 0.0247] o. 0266 
0.0440] o. o46 5 0.0490| o. 
0.0719] 0.0751} 0.0783 o. 
O. 1066 o. 1104 0. 1143 
0.148 10 0. 1826 0.1572 
1912 0.1963] 0. 2015 o. 2068 
0.2514 0.2373 0.2632 
o. 3133 0.3199] 0.3265 


"= 


MO 0 ÞD 


3] £.6010| 1.0158 
r.7519} 1.7674 
6.9097 1.9258} 2. 
| 2.0743] 2.0911]. 
2] 2.2480 2.2631] 2. 
2 a 2.4298 2.4420] 
4 L rack 8. 58 96 2.6087 2.6276 
2.76160 2.7810 2.8005] 2.8200 


Sis 0.3820] 0.3892] 0.3965] « 
11 0.4575} 0.4684 0.4734 
12 | 9.5397 9.3483 0.5570 
13 0.6288] 0.6381] 0.6474 
14 9.7247 0.7347 0.7447 

115 0. 8274 0.8380 0.8487] 

16 0.9369 0.9482} 0.9596 

| 17 | 1.0691 1.0772] I. 
18 1.1889 1.20160 1. 
19 1.3195 1.3329] I. 
20 þ 1.4568 1.4709] 1. 
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A TREATISE of 


Tenths, . 1 10 120 Inches. 


Sror. XII. 


A PABIE of the Areas of Circles in Wing Gal 
LON'S,. 70 all Diameters in Inches and Inches 4 
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0.1666 
| 0.2176] o. 
0.2754 
0.3400] O. 
0.4114 o. 
1 0 48966 
0.5746 0. 
0 6664 0.6 
0.7630 
| 0.8704] 0. 
-1- 0.9826 
1.10160 1. 
1.2274 
1.3600 
1.4994] 1. 
8 FN I .b 4:56 C 
1.7980 1. 
2 1.9584 4. 
0 a 
2.47865 
2.6656 


838 2.1 


0.1762 | 
0.2286 
ö 0.2877 
0.3537 
0.42 64 
0.5060 


0.5924 


0.6855 
0. 7855 
0.8922 
1.0058 
81 1.1262 
311.2533 
1.3873 
71.5280 
5]. 1.0756 
1.8 300 
| 1.9911] 
1 
2.35300 


2.5154 
2.7038 


O0. 1811 


0.2342 
0.2940 


0.3607] 


0.4341 
0.5143 


0.6014 


0 6952 


0.9033 
1.0173 
1.1386 


1.2664 
1.4011 


1.5425 
1.6907 


1.8458 


2.0076 
2.1763 
2.3517 


2.5339 


2.7230 


0.7959 


| Dia. ** f 5 F 18 l 7 
I 10 4 0 . I. 4 2 | 3 4 44 . 
| | 4+|:0,0034{0.0047] 0.0048]. 0,0057] o. oo 
2 | 0.0136] o. 0149 O. 0164 0.0179] 0.0195 
| 1 | 0.0396| 0.0326] 0.0348|. 0.0370| 0.0493} 
| 4 | 0.0544} 0.0571] 0.0599] 0.0628] 0.0658] 
.$5-| 0.0850] 0.0884| 0.0919] 0.0955] 0.0991]. 
.6'] 0.1224] 0. 1265 0.1306| 0.1349] 0.1392 
7 
8 


0.3004 


O. 610g 


1.2796 


1.5570 
2.0242 
2.1935 
2.369 6 


2.7423 


2.9188 


0.1861 ; | 
0.2399}. 
0.3077| 
0.4478 
0.5227] 


0.7050| 
0. 8063 


1.0293 
1.1311 


1.4149 


1.8617 


2.3525 


2.8989 


| 2.9388 = 


* 


i 
| 
'® 
4 
3 
. £ 
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Dia. | 5 | | | 1 
+ +7 4-4-4 +. 8 
e | 8 F KEE ny WT | 
| 1 | 0.0076| 0.0087] 0.0098| 0.0110| ©. 
| 2 | 0.0212] 0.0229] o. 0247 0.0266| 
| 3 | 0.0416] 0.0440] 0.0465| 0.0490 
| 4 | 0.0688] 0.0719] 0.0751] 0.0783 
5 | 0.1028] 0. 1066 o. 1104 0.1143 
{ 6 | 0.1430] 0.1481] 0. 1326 0.1572 
| 7 | 0.1912] 0.1963] 0.2015| 0.2068| 
830.2456 0.2514] 0.2373 0.2632 
9 | 0.3068} 0.313%} 0.3199| 0.3265 
10 | 0.3748] 0.3820] 0.3892 0.3965 
11 | 0.4496} 0.4575} 0.4554} 0.4734 
12 | 0.5312f 0.5397] 0.5483] 0.5570 
13 | 0.0196] 0.6288] 0.6381] 0.6474 
[14 f 0.7148 0.7247] 0.7347 0.7447 
| 15 | 0 8168} 0.8274] 0.8380 0.8487 
| 16 | 0.9256} 0.9369] 0.9482] 0.9596 
{ 17 | 1.0412} 1.0531} 1. 0651 1.0772] 1. 
18 | 1.1636} 1.1762] 1.1889] 1.2016 
19 1.29280 1.3061 1.3195| 1.3329 
20 1.42880 1.44280 1.4568] 1.4709] 1. 
21 11 57.4 1.88630 1.60100 1.61580 1.6306 
22 | 1.7212) 1.7365 1.7519] 1.7674 1.7829 
23 1.877601. 89360 1.9097] 1.92380 1.9421 
| 24 2.04080 2. .0575| 2.0743 2.0911 2. 1080 
25 2.21080 2.22820 2.2450] 2.2631 2.2807] 
| b 24857 2.4238 2.44200 2.4602 
2.5712] 2.5899} 2.6087} 2.6276 2.6465 
2.76160 2.7810 2.8005 2.8200] 2.8397 
_2.9588|, 2-9789] 2-9991| 3-0193] 3-0396| 
+ The 


A TR EATISE of 
5 The Areas s of Circles in Wins GaLtoxs. 


Ster. XII. 


a 5 ; uy 


0 


| 3.0600 


1 | 3-2074]_ 
3-48 16 
3.7026 


3.9304 
4.1650 


44004 


4.6546 


1 
3.8004 
3.2885 3. 
3.5033 
3.7230 
3.9535 
4.1888 
4.4309 4. 
4.6797 


4.9096 4.9354 


5.1714 
0 5.4400 
57154 


5.9976 


6.2866 
46.5824 


6. $850] 


47.1944 
2 | 7.5160) 


7.8336 


9 3.1634 


3.1979 5. 
5.4672 
5.7433 
6.0261 
6.3158] 5 

6.6123] 6.0 
6.9156} 6. 

71-2251} 7 
7.5425 7. 
7.8662 7. 
8.5340 
8.8781 8. 
N 64 94484, a 
3866. 9. 


931¹ 


9 10. Tas 
0 12.2825 


39 11. 1350 11. 5737 


R499 


10. 


11.1242 


H. . 9157 


50 3.1215 
3 3309 
3.5471 
6] 3.7702 
67] 4.0000] 
4.2367 


bf 00970 


1} 8.6023 


9.29994 
9.60590 
oo. 0248 
599 
0 +4 
11.1631 
11.3466 


3 


4.4801 
4.7303 


4.9874 


5.2512 


6.0724 


6.9771 
7.2885 


7.9318 
8.2636 


8.9477 


10.3975 
10.7769 


IF. 5562 }1 
11.9360 


5.5219] 
5.7993 
| 6.0835| 


6.3740 


10. $152 
11. 2021 1 


11.9964 


* 
» 
7 L 
- 
| 


3.1421 

13-3522] 

3-56g1þ 
3.7929 
4.02344 
4.2607 
4.5048 
5.0135. 
5.2780} 
5.5493 
58274. 


6.7026 
7-0079. 
| 7 320 
7.6389 
7.9547 
8.2972 
8 6365 
8.9826 
9.3355 
9.6953 
10.0618 


10.4351 


rr 


11.5959 


— — 39270 


12. 4037 


The 


6.1123 5 


* 
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Szer. XII. 3 
The Areas of Circles in "Nine Garaus, 

Dia. ; ; | 0 
inn 5 « | 7 8 8 
ee 3 4 
|. 30 | 3-1628] 3.1836 3.2044 3.22533. 246g 
1.31.1.3-373 3.3951 3.4166 3.4382 3.4598 Jl 
| 32 | 3-5912| 3.6133] 3-0355] 3 6578 3.6801! 
| 33 3.8756 3.8384 3-301] 3.88421 3.90730 
1-34 | 4:9408] 4.0703 4.093% 41175 41412 
354.2848 4 3090 43332043575 4.3819 
| 36 | 4:5296] 45545} 4.794] 4.6044 46294 
| 37 | 47812] 4.9967 43323 4-$580 4.8837 
| 38 | 5:2390| 5.06380 509210 51184 5.1449 
39 630480 5-337] 53-3587] 5.3857 54128 
40.| 5.5768] 5.6044| 45-0320] 3.6597 5.6875 
| 41 | 5.8556] 5.8839] 5-9122] 3 9405 5.9990| 
| 42 þ 6.1412] 6.1701] 6-1991| 6.2282| 6.2573 
436.4336 6.4632] 6-4929] 6.5226] 6.5525 
| 44 | 6.7328] 6.7631 6.7935 6.8239 6.8544| 
| 45 | 7.0388] 7.0698] 7.1008 7.1319 7.1631 
| 46 | 7-3516| 7.3833] 7:4150| 7.4468 7.4786 
t 47 | 7-6712] 7.7935] 7:7359| 7-7084| 7.8009] 
| 48 | 7.9976] 8.0306 8.0637 8.0968] 8.13010 
| 49 | 8.3308] 8.3645] 8.39830 8.4321| 8.4660 
| 5o | 8.6708] 8.7052] 8.7396 8.7741} 8.8987 
51 9.0176 9.0527 9.08780 9.1230 9.1582 
| 52 93712 9.4909 9442794786 9.5145 
539.7316 9.7680 9.8045 9.8410 9.8777 
| 54 [10.0988{10.1359jL0-17ZH10-2103 10.2470 
| 55 [10.4728j10.5106[10-5484|10-5863 10.6243 
| 56 |10 8536[10.8921110-9306j10-9692 j11.0078| 
| 57 241er. 2803111-3195[11-3588j11,3981| 
58 11. 6356ʃ1 1. 6754 1171530117552 (1179833 
59 [12.0368{12.0773|12-1179112-1585112. 1992] 
| 60 12 4448 24491 12. 52721125085} SL 
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. 


1 1 30 3. 
13.494613. 
13.9264 
| 14.3650 
14.8 104414.8533 
15.2626 15.3081 
416. 187401 
[16.6690 
71 117. 1394 17,1877 
117.6256017. 
18. 1186018.1682 
18. 6184 
119.1250 


19.6384 


120.1 586 
120.6856 
[21.2194 
7 21. 7600 
22.3074 
22.8616 
123-4220 
1+ 3-9994 
424-5050 
125-1464. 
25-7340 
ö JR 42455 


13-9099 
14.4092 


18.7678 
6.2343 
16.7076 


6745 


18.6687 
19.1760 
19.6901 
20.2109 
20.7386 
21.2731 
21.8144 
22.9173 
23.4790 
2404/5 
24.6228 
25.2049 
2 IL 546 8 


| 


912.7344 
13.1540 
13.5804 
14.0135 
14. 9002 
[5.3539 
15.8142 
16.2813 

16. 7553 
17. 2360 
17.7236 
18.2180} 
18.7191 
19 2271 
19.7418 
20.2634 
20.7918 
21.3209 
21.8689 
522.4176 
22.9732 
23-5350 
24.1047 
24.6807 
25-2034) 


26. 44940 
927. 0925 
27. 6626 


128. 27920 


12701 
13.1963 
13.6234|13-0605 
14.0572|14-1010 
14 4979 14.5423 
14-94 53114-9904 
153995154453 
15.860615. 9071 
16.3284 10.3750 
16.803101 
17.2845|17-3330| 
19.7727}17- 82 19 
18.7696 
19.2783 
19.7937 
20.3159[20.3085| 
20.845020. 8993 
21. 3808021 4348 
21. 9235 21.9731] 
22. 4729 22. 5202 
23.0291 
23.592202 
24.1620 24.2194 
24. 7387247907 
25.322 123.3808 
530 25.9123½2597ʃ7 
26.509426. 5095 5 
27. 1132 27. 17 
27. 72392). 2643 


12.8198 | 
13. 2387 


6.8509 


18.3177 
18.8202 
19.3295 

19.8456 


1 


28.341 328.4034 


The 


61 12. 8595 12.901 572.9434 
62 [13.2812]13.3237|13-3663] 


63 113-7096113.7528113-7961 


73 [18.3676118-4176118.4677]1 
74 118.8708|[18-9215]i8.9723 | 
75 [19-3308119-4322[19.4836119.5351119.5807] 
1 76 [19.8976[19-9497]20.0018 

77 20.4212 0. 4739020. 5267 
78 20.95 1602 1. 00502 1. 0f8 502 1.1 12002 1.1637 

79 21.488 8021.542902 1.5971 
80 22.0328022.08 762 2. 14242 2. 1973/222523 


64 (14-1448}14.1887|I4. 2327 
65 14.586814. 63 14/14 6760014. 7205/4. 7685 
166 115.0356015. 08091 5. 12 62 
67 15. 25 15-5371[15-5831 
68 15.953601 6.000216. 0469 
69 16.422816. 4701016.5175 
70 [16.8988[16.9468[16.9948 
71 17.38 16617. 4303017.479 


72 17.871217. 9205 17.9699 


81 22.58 3602 2.63910 22.6940 


82 [23.141212 3.197312 3.2535 
| 83 [23.7056]23.7024[23.8193 
| 84 [24.2708[24.3343[24.3919 
| $5 [24.8548124.9130[24.9712 
86 [25.4390[25-4985[25.5574 
| 87 26.03 1226.090726. 1503 
88 26.6296 


— 1 — 


12. E 73.6277 


14.276714. 3205 


16.564916. 6124 
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Dia. I . ä | 8 "4.8 
WI i in 5 | | .6 7 | 8 | -9 j 
Inc | | I 


13.4090[13.4517 
13.8394/T13.882 


15.17 1615.2 170 
13.629201 .6753 
16.093601 6.1405 


| 26.689826. 750 1026.8 10402 6.8709 
| 89 27.234807. 2957 27.3567 ½ . 4% ½ f. 4788 
90 fz. 8408027. 9084/7. 970008. 0317 28.0935 


17.042917. 0911 | 
17.5278|17.5766. 
18. . 18.0689 


20.0540 O. 1062 
20. 57960.6325 


21.651302 1.7066 


22. 7502022 · 8098 
23.309823. 3661 
23.8762ʃ23.9333 

24. 4495/24 5072 

25.0295125-0879; 
25 616425. 6754 ; 
26.2100]26.2697] 


+I. 2: 28. 2 :527913 28, — 28. 6526128.7150] 


The 


A ERxzATLSE of 


SECT. XII. 


The. Areas of Circles in W INE GALLONS. 


1 


5 7 7775, 
93 29.4066 
194 30.0424 
95 30. 6850 
96 31.3344 
97 [31.9900 
98 32. 6536 


| 33- 3234 


8 34.0000 


34. 6834 
35+373 

26.0706 
30-7744 


137-4850 
38.2024 


7 38. 2256 


8, [39-0570 


| 0 Fe: 3954 


41. 1475 


111 [41.8914 


42.6490 
343.4146 


14 4 4+: 1864/4 
(115 44.9650 


5 45.7504 


| 7.140 5426 
$118 47.3416 
48.1474 
ory 


= 
1 
4 
* 


. 1 on 
% 4 


29 4698 
30. 1063 
30.7496 
31.3997 
32.0565 
32.7202 
33.3997 
34.0680 


34.7521 
6135-4429] 


36.1406 
36.3451 
37+ 5504 
38.2745 
38.9993 
397310 
40.4695 
41. 2148 
41-9669 
42.7257 
43.4914 


44 2639144 
45 0432, 


+5: 8293 
46.6221 
474218 
48.2283 


** - ak 


| 


| 
|. 2.5 | 


by PSS ae tf i 
Abd nancy pots. 2 a 


* 


28.9028 


29-5332 
30-1703 
30.8 143 
31.4650 
32. 1226 


32.7870 


33+4581 


341361 
34.8208 
355124 
36 2108 
36-9159 
37-0279 
38.3466 
390722 
39+8046 
40+5437 


41-2597 


42.0424 
42. 8020 
43. 5684 

3415 
45. 1215 
4549082 


406.7018046. 


28.9955] 


29.5966 


30.2344 


30.8791 
31.5305 
32.1887 
32.8538 
33-5250 
1413845 
34.8 327 


35˙58 19 
36 2810 


36. 9808 
37.6995 
38.4189 
39-1451 
39.8782 
40.6180 
41-3947 
42.1181 
42.8783 
43-0454 
44 4192 
45.1999 
45. 9073 


47.502247 


48.309308. 


37-9575 


4 


29.0283 
29. 66011 
30.2986 
30.9439 
31-5900 
32-2549. 
32-9207]. 
33-5932] 
34-2725 
34.9586 
35-9515 
36. 35134 


37-7711 
38-4912] 
39-2101 
23577 
49-0924 
4T-+ «+397 
42-1938] 
$2:9547] 
44 4979] 
452783 
2 


47.663 il 


m——_ 


8 — 


—_— 
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5 


29. 09 72 


29.7236 


30.3628 


31.0088 
31.6616 


32.3212 
32.9876 


34-3400 
35 0276 


2 35. 7212 


36.4216 
37.1288 
37.8428 


138.5626 


$9:2912 
46.0256 
40.5 7668 
41 5148 
42. 2696 
43.0312 


44-5748 


45.3568 


49.1456 
40.9412 
47-7430 


4.88 5e 


1 


33.6608 


43.7996 


: 


+63 


9.1577 
29.7872 
30.4271 
l 
317773 
32.3875 
33-0540 
33-7285 
34-4092 
35-0967 
35. 7909 
36.4920 
37-1999 
37-9146 
38.0361 
39 3943 
40-0994 
40.8413 
41.590041 
4243455 
43-1077 
43.8708 
44-6527 
45˙4354 
46.2249 
47.0211 
47.5242 
48, 3 


* 


* W 


29.21 71 


29.8509 
30.4915 
31.1388 
3179 
32.4539 
49771 
33. 7903 
34.4776 
35.1658 
35.8607 
36.5625 
37.2711 
37-986 
38. 7088 
39.4375 
40.1733 
49.2139 
6652 
42.4214 
43-1843 
43.9541 
44-7307 
45-5140 
46.3042 
47.1011 
47.9049 
37155 


8 


8 


29.280205 
29.9140 
, 


31.2039 
31.8588: 


32.5204 


33.1888 


33.8641 
34-5401 


35-2350 
35.9306 
36.6330 
37.3423]. 
438.0583 


38.7812 


39-5108 


40-2472 


41.7405 
42.4974 
43.2010 
44.031444. 
44.808744. 
45˙5927 
46.3836 


47.1812 


47.9850 


3 


| 


| 9 } 


29. 5433 


29. 2755 
30. 62044 


31.2691 
31.9246 
32. 5869 
33-2501 
33. 95 
3.61470 
35˙3042 


oe » a 


* 


36. 7037] 
37-4136 | 
36. 1303 


38.8538] 


39-5841] 
40.3213 
41.0652 
41.8159] 
42.5734 
—43˙3377 


— 


at: 8. 


a. T3. 2 


36.0000 
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The Uſes of the preceding Tables of Areas are 
ſo. very obvious, that we apprehend one Example 
will be ſufficient to illuſtrate them both. Let that 
be in finding the Area of a Circle, in Ale and Wine | 
Gallons, whoſe Diameter is 45. 4 Inches. 


Againſt 45 in the 1ſt Column, under the Words 
Diam. in Inches, and in the 6th Column under. 4, 
we have g. 7405 Gallons in the Table of Ale Areas; 
and 7.0079 Gallons, in the Table of * en . 
the Anſwer ſought. 


If any One ſhould be incli 2 to proceed farther, 
with the foregoing Table of Ale Areas, the Me- 
thod of Operation (by which the whole Table was 
computed) is as follows. — To .066814549 add 
000055702, and the Sum. 6687021 (called the 
reſerved Sum) being added to 40. 10544, (the Arta 
for 120 Inches Diameter) gives the Area for 120. f 
Inches; again to. 066870251 (the reſerved Sum) 
add the common Addend .000055702,* and this 
( reſerved) Sum . 066925953, being added to 
40.10544, gives 40.172365953 the Area for 
120.2 : Proceed in the fame Manner, ſtill adding 
the laſt reſerved Sum and the common Addend 
(.000055702) together, and then adding the Sum 
of thofe two, to the laſt Area, gives the ſucceed- 
ing Area; 7. e. when the Diameter is Increaſed by 
2 th of in lad. 1 
And 


TER ks . hes gc" 3 ** 1 * ; W 4 a * 1 


N — 


I'S The Reaſon of . .000055702 heal! a conimai Addend for Ate, and 
o a common Addens for Wine Gallons, is very evident from the 


Lemma in Pa, 146: For, in this Caſe, » . 1, . 2n* = I X 2 (or 
.02) ; which being multiplied by. oo278 51 for Ale, and. oog for Wine (in 
Order to have its Meaſure in Parts of a Gallon) gives .o00055702, the 
common Addend for Ale, and .oo068, the common Addend for Wine 
Gallons, when the Diameter of the Circle is conſtantly increaſed by one» 
renth of an Inch. | 


Ser. Xl, GAUGING a7 
And for the Table of Wine Areas (which is de- 
rived from the very ſame. Principle), proceed thus: 
To. 08 1566 add .ooo068, and this Sum. o8 16 34 
(called the re/erved Sum). being added to 48.96 (the 4 
Area for 120 Inches Diameter) gives 49.041634, 
the Area for 120.1 Inches: Again to. o8 1634, the 
laſt reſerved Sum, add the common Addend .oo0068, 
and we ſhall then get. O8 1702 for the reſerved um:; 
whieh being added to 49.041634 (found above) 8 
oY 49.12 22436, the Area for 120.2 Inches, and o | 
; fee the ann W is. ci | 


Inches. Gallons. . 
120 48.960000 0.081566 reſerved Surat 


Add . 081634 -000068 [720 Inches. 
120.1 49.04 1634 081634 reſerved. 
Add -081702 « 000068 | . 
120.2 49. 123336 08 1702 reſerved, 

081770 000068 


120.3 4 49. 205106 "Cs 
CR Nb 081838 3 


120.4 - 49. 286944 081838 
85 81906 >> OOO. 


120.5 - 49.368890 .081906 
N 


— 


120.6 49.450824 08 1974 
Sc. Sc. 
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A 17117101 * 


ATABLE of the Areas of the Segments of a Circle 


7 8 Diameler is Unity, and ſuppoſed to be divided 
into 1000 e Paris. 


Sect. XII. 


— 


| Ver 


75 Ver- . | | 
ſed. r- ares led Seg«Area Seg. Area 
001 0004p .030].ocob865. 018766 
. oo 2]. ooo 119 031. 007209 019239 
0 0002 19 .032].007558 |. 019716 
. o04 . 00337 . 033. 07913 . 062. 020196 
.005].000470 || 34.008273 |.020080 
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4 TREATISE of SECT. XII. 
= be Areas of the Seqments of @ Circle. 
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Type Areas of the Segments of a Circle. 
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7 be Areas of the Segments — a Circle. 
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264 A Tutitisr of Ser. XII. 


0 Uſ of 7 be Line M.D on the & liding- 
Rule, in Malt-Gauging. 7 


It is prefinriedthar no great Pifficulty can ariſe 
in the Practice of Malk Ohuging, if what has been 
delivered in $227. VII; and VIII. be duly attended to: 
For it is well known, that a Malſter's Ciftern (viz. 
where the Barley is ; Ped), and alſo. the Couch 
(i. e. where it is laid aftef it has been ſteeped) are ; 

_ chiefly in the Form of a linder, the Fruſtum 
of a Cone, or a retangulam Parallelopepidon ; which 

Figures, with a Variety of others, have been fully 
treated of in the above-mentioned Sections, and 
their Contents computed} in Malt Buſhels, both 
by Pen and Sliding: Rule: However, it may not 
be amiſs to give a few Propoſitions, and exemplify 
the ſame, in Order to ſhew the Uſe of the Line 

M. D (commonly called Malt- Depth) on the Sli- 
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Note. When the Barley is taken out of the 1 
Couch and ſpread on the Floor, it is then called a 
Floor of l.. 5 
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PR OP. I. 


The Length and Breadib of a rectangular Paral- 
Elogram being given in Inches; to find the Area 
thereof (in Inches) by the. Line M.D, &Cc. on the 
 Sliding-Rule. ; 


Rur e. 


I 0 either of the given Dimenſions on M. P, ſet. 
the other on the Line B, or, which is the very 
fame (on ſome Rules), that marked N; ther 

ee „ againſt 
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againſt 1 (viz, Unity) on M. D, is the required 
Area on the Slide. 
EXAMPLE. 
Let the Length of a rectangular Parallelogram 


be 12, and the Breadth 7 Inches; required the 
Area thereof. e e 


To 7 on M. D, ſet 12 on B (or N); then op- 
poſite 1 on M. D, is 84 on B, the Area ſought.“ 


Note. It is to be obſerved, in Examples of this 


Kind, that 1 on M. D muſt always repreſent Unity, 
and therefore the Factor taken on that Line, if 
greater than 21. 5042, muſt be divided by ſuch a 
Power of 10 as will cauſe 1 on M. D to denote 
Unity; then the Number oppoſite thereto being 


multiplied by the ſame Power of 10 as the above- 
mentioned Factor was divided by, and the Product 


will be the Anſwer ſought. 


Fe Prop. II. 
The Length and Breadth of a relangular Paral- 


lelogram being given in Inches; to find its Area in 


Malt Buſbels, by the Line M. D. 


Mm RuLE. 


— . _ 
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* It is manifeſt, that, by ſetting 12 on B (or N) to 7 on M. D (or on B 


to 12 on M. D), we ſhall obtain (on B) the Sum of the Diſtances of 1 to 12 


on B, and 1 to 7 on M. D (or i to 7 on B, and 1 to 12 on M. D) But theſe 
Diſtances (by the Conſtruction of the Lines) are as the Logarithms of 7 and 


12 reſpectively; conſequently the Sum of thoſe Diſtances will be as the Sum 
of the Logarithms of thoſe Numbers, which, by the Property of Logarithme, 


is as the Logarithm of their Produ. | 
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RU . . 
To either of the given Dimenſions on M. D, ſet 


the other on B (or N); then againſt 1 (viz. Uni- 
ty) on 0 is the . Area on B. 


Suppoſe the Length of a rectangular: Ciſtern is 


180, and the Breadth 53.5 Inches; required the 
Area thereof in Malt Buſhels. v0 


As it is F difficult to e the true 
Value of the Number found upon the Line B; it 


may therefore be prope to EY down the following 


Directions. 2 


Let 1, near the Middle of M. D, denote Unity ; 


and the Number oppoſite thereto, at the Braſs Pin 


on A, repreſent 2150.42; then, in Order to have 


at the Middle of the Line A to ſtand for Unity 


(inſtead of 1000), we need but to conceive the 
Product of the two given Factors to be divided by 
1000: Thus, in the Example before us, to 1.8 


. Jobs : 


* By PROS BE the Product of the two given Factors to be ie by 


1000, is the very ſame Thing as ſuppofing three Radii taken from the Lines 
M. D and B: For by ſetting 5.35 (inſtead of 53. 5) on B to 1.8 (inſtead of 
180) we {hall obtain the Diſtance of 1 to 1.8 on M. D, and of 1 to 5.35 on 


B, in one Sum on B; which Diſtance is diminiſhed by that of 1 to 2.1 504 


8 i 


[is e, 


theſe Ro ei are as the Logarithms of the Numbers 1.8, 5.35, and 


2.15042 reſpectively; whence, by the Properties of Logarithms, the Log. 
1.8 + L. 5.35 — L. 2.15042 ( = L. 180+L, 53. eee 


1. 8 X 5.35 n 5 
*. 4-479) = TXT" "Mnp YI 3.479 


| 
4 


) on A: Moreover, by the Conſtruction of the Lines, | 
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(inſtead of 180) on M. D, ſet 5.35 (inſtead of 53.5) 


on B; then againſt 1 on A is 4.5 Buſhels, nearly, 
on B. 


Note. The Anſwer will come out the very ran 
as above; if 1 at the Beginning cf the Line A 
denotes Unity, the Number at the Braſs Pin, 


oppolite 1 (viz. Unity) on M.D 215.042, and the 


Product of the two F e on M. D and B be ſup- 


poſed to be divided by 100 (inſtead of 1000) ; but 


it will, I preſume, be better to keep to one general 
Method, as given above. 


If the given Length of the Ciſtern is not leſs 
than 100 nor greater than 10000 (which laſt in- 
deed never happens in Practice); then the required 


Arca may be obtained, with more Eaſe to a Learn- 
er, by the Lines A and B. — Thus, in the laſt 
Example, to 2150 on A, ſet 53.5 on B; then 


oppolite 180 (on the iſt Radius) on A, is 4-5 
Buſhels, nearly, on B. 6 


Pane, IH: 
e Length, Breadth, and Depth of a ae 


Parallelopipedon being given; to find its Content in 
Malt Buſbels, by the Line M. D, &c. on the Sliding- 
Rule. 


RuL Ee. 


To any of the three given Dimenſions on M.D, 


ſet either of the other Two on B (N); then againſt 


the third Dimenſion on A, isthe required Content 


on B. 


EXAMPLE. 


© | A Txx AT1SE of Seer. XII. 
| EXAMPLE 5 


Let the Length of a rectangular Floor of Malt 
be 350, the Breadth 160, and the Depth 6.5 
Bees z required its Content in Malt Buſhels. 


To 380 (or rather 3, 5) on M.D, 81 160 (or 16) 
on B (vid. the laſt Example); then againſt 6.5 (on 
0 n on A* is 269 Buſhels on B. 


More. As 1 in the Middle of the Line A, ac- 
cording to our Method of Eſtimation, always de- 
notes Unjiy, the third Dimenſion, when it exceeds 
10, cannot be found on A: It will therefore be 
neceffary, in ſuch Caſes, to have Recourſe to the 
Method laid down! in Pa. 42. 


Thus, For Inſtance, fu pbbfe- the laſt Example 
: had been a rectangular Ciftern, whoſe Depth had 
been 65 Inches, and the other Dimenſions the ſame 
as before. 
Then, the Rule being ſet as above, . 6.5 
(viz. roth of 65) we have 169; which being mul- 
tiplied by ro, gives 16 Buſhels, the required 
Content o the 6 iy, beh. _ vt, On. 
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